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(57) The method of the present Invention for produc- 
ing a urethane-based thennoplastic elastomer compo- 
sition foam comprises the steps of: 

adding and mixing 0.1 to 30 parts by weight of car- 
bon dioxide (B) to 100 parts by weight of a urethane- 
based themDoplastIc elastomer composition (A) in 
a molten state, wherein said urethane-based ther- 
moplastic elastomer composition (A) comprises a 
urethane-based thermoplastic elastomer (A-1) and 
other thermoplastic elastomer (A-2) In an (A-1)/(A- 
2) ratio of 20/80 to 99/1 by weight, to form a molten 
urethane-based thennoplastic elastomer composi- 
tion (C) which Is In a state of a mixture of the ure- 
thano-based thennoplastic elastomer composition 
(A) and the carbon dioxide (B) (gas dissolving step); 
and 

lowering a temperature of said molten urethane- 



based thennoplastic elastomer composition (C) 
(cooling step). 

The present Invention can produce the urethane- 
based thermoplastic elastomer foam of stable quality 
over a range from low foamed product to highly foamed 
product by adding a given quantity of carbon dioxide In 
the molten urethane-based thermoplastic elastomer 
quantitatively and stably. It can also produce the foam 
excellent In flexibility, thermal Insulation and surface ap- 
pearances. It is also excellent in safety, because of use 
of carbon dioxide in place otthe common foaming agent 
of fluorochlorohydrocarbon or butane, thus causing no 
air pollution or destruction of the ozone layer. 
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Description 

Technical Field 

5 [0001 ] This invention relates to a urethane-based thennoplastic elastomer composition foam, method for producing 
the same, and molded article or laminate thereof, more particularly a urethane-based thermoplastic elastomer com- 
position foam of stable quality obtained from a specific urethane-based thermoplastic elastomer, optionally another 
thermoplBstIc elastomer, and-carbon dioxide as a foaming agent, method for producing the same, and molded article 

or laminate thereof. 

10 

Background Art 

[0002] Foams composed of polyurethane, polyvinyl chloride or the like have been used as a foam excellent in its 
flexibility and cushioning characteristics, and foams composed of polystyrene, polyethylene, polypropylene or the Mice 
IS have been used as a foam excellent in Its thermoformablllty. 

[0003] Methods for producing polyethylene foams are disclosed In, e.g., Japanese Patent Publication No. 41 -6278. 
There Is, however, a problem that the team produced by this method does not provide soft cushioning characteristics, 
although It Is excellent In thermoformablllty such as vacuum molding. 

[0004] As a method of producing thennoplastic polyurethane foams, a chemical foaming method using a thermally 
20 decomposable foaming agent, such as azodlcarbon amide, Is icnown which is disclosed in Japanese Patent taid-Open 
No. 7-157588. 

[0005] In the chemical foaming method, however, thermoplastic polyurethane is partly deconposed and foamed to 
deteriorate the cells, and it Is difficult to produce foams with a high molecular weight 

[0006] Therefore, foams excellent In all of elongation set, hysteresis, cell unlfonnlty and heat resistance are desired. 

25 Simple methods of producing such foams, and molded articles and laminates thereof are also demanded. 

[0007] It is an object of the present invention to provide a foam excellent In elongation set, hysteresis, cell uniformity 
and heat resistance, more particularly a foam obtained from a composition containing a thennoplastic polyurethane 
(including a composition composed of a 100% thermoplastic polyurethane, hereinafter referred to as a themrioplastic 
polyurethane composition, unless otherwise stated). It is another object of the present invention to provide a method 

30 for producing the above-described foam. It Is still another object of the present invention to provide a molded article 
or laminate of the above-described foam. 

[0008] The present Invention also provides a method of easily foaming the thermoplastic polyurethane composition.. 
Disclosure of the Invention 

35 

[0009] The Inventors of the present invention have found, after having studied to solve the above problems, a foam 
obtained from a thehermoplastic polyurethane composition, excellent in elongation set, hysteresis, cell uniformity and 
heat resistance. The Inventors have also found that thermoplastic polyurethane foams of varying expansion ratio can 
be obtained with ease, when a urethane-based thermoplastic elastomer composition composed of a specific urethane- 
40 based thermoplastic elastomer and other thennoplastic elastomer mixed in an arbitrary composition ratio Is foamed 
with carbon dioxide as a foaming agent. 
[0010] The present Invention Is as follows. 

[001 1 ] A urethane-based thermoplastic elastomer composition foam of the present invention comprises themnopias- 
tic polyurethane resin-containing composition containing a thermoplastic polyurethane resin at 20% by weight or more. 
45 wherein the form has 

an average cell diameter of 0.1 to 1 ,000 p-m, 
an average cell number of 1 0^ to 
an elongation set of 1 to 100%, and 
50 a bullc density of 0.03 to 1 .1 0 g/cm^. 

[0012] It Is preferable that a melting point of the urethane-based thenrnoptastic elastomer composition foam (T^^^) 
and the non-foamed resin (T^g) satisfies the following fonnula (1): 

T„,-T„2S5»C (1) 
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[0013] It is also preferable that the chloroform-lnsolubles is contained at 10% by weight or more In the urethane- 
based thermoplastic elastomer composition foam, 

[0014] It is still also preferable that a residue after chloroform extraction of the urethane-based thermoplastic elas- 
tomer composition foam Is at 20% by weight or more, and a temperature in losing 5 % by weight of the residue after 
5 chloroform extraction Is 1 80'*C or higher. 

[0015] The first method for producing a urethane-based themrioplastlc elastomer composition toam comprises the 
steps of: 

adding and mixing 0.1 to 30 parts by weight of carbon dioxide (B) to 100 parts by weight of a urethane-based 
10 themioplastic elastomer composition (A) in a molten state, wherein said urethane-based thermoplastic elastomer 

composition (A) comprises a urethane-based thermoplastic elastomer (A-1) and other themiopiastic elastomer (A* 
2) in an (A-1)/(A-2) ratio of 20/80 to 99/1 by weight, to forni a molten urethane-based thennoplastic elastomer 
composition (C) which is in a state of a mixture of the urethane-based thermoplastic elastomer composition (A) 
and the carbon dioxide (B) (gas dissolving step); and 
IS lowering a temperature ot said molten urethane-based thermoplastic elastomer composition (C) (cooling step). 

[0016] The second method for producing a urethane-based thermoplastic elastomer composition foam comprises 
the steps of: 

20 adding and mixing 0.1 to 30 parts by weight of carbon dioxide (B) to 100 parts by weight of a urethane-based 

themnopiastic elastomer composition (A) in a molten state to form a molten urethane-based thermoplastic elas- 
tomer composition (C) which Is in a state of a mixture ot the urethane-based thermoplastic elastomer composition 

(A) and the cartjon dioxide (B) (gas dissolving step); and 

charging or transferring the molten urethane-based thermoplastic elastomer composition (C), which is obtained 
25 through the cooling step (the step of lowering a temperature of the molten urethane-based thermoplastic elastomer 

composition (C) ) In or to a space controlled at a lower pressure than that of In the cooling step to produce cell 
nuclei in the molten urethane-based thermoplastic elastomer composition (C), and then foaming while controlling 
an expansion ratio (foaming controlling step). 

30 [0017] It is preferable that the method for producing a urethane-based thermoplastic elastomer composition (A) has 
a melt flow rate (determined in accordance with ASTM D-1238-65T) of 0.5 to 50 g/1 Ominutes. 
[0018] It is also preferable that the urethane-based thermoplastic elastomer composition (A) comprises the urethane- 
based thennoplastic elastomer (A-1 ) and the other thermoplastic elastomer (A-2) having a melt flow rate (determined 
in accordance with ASTM D-1 238-65T) of 0.01 g/1 Ominutes or more and less than 50 g/1 Ominutes, 

35 said other thennopiastlc elastomer (A-2) being contained In 5 to 60 parts by weight per 1 00 parts by weight of 

said urethane-based thermoplastic elastomer composition (A). 

[0019] It Is preferable that a temperature of the molten urethane-based themioplastic elastomer composition in the 
gas dissolving step is in the range of 100 to 240*0 and a temperature of said molten urethane-based thennoplastic 
elastomer composition in the cooling step Is 10 to 100**C lower than that in the gas dissolving step. 
40 [0020] it is preferable that an amount of the carbon dioxide (B) added is In the range of 0.1 to 20 parts by weight per 
1 00 parts by weight ot said urethane-based thennoplastic elastomer composition (A). 
[0021 ] It Is preferable that the cart>on dioxide (B) Is a supercritical carbon dioxide (B-1 ). 

[0022] It is preferable that a method for adding carbon dioxide in the gas dissolving step is the one that carbon dioxide 
In a ilquifiod form Is added to a pump or like to charge while keeping in a liquified form. 
^s and under the charging pressure of carbon dioxide by the pump being kept In a constant pressure of critical 

pressure of carbon dioxide (7.4 IWPa) to 40 Mpa, the carbon dioxide Is charged by the pump, and the carbon dioxide 
charged from the pump Is heated to a critical temperature of carbon dioxide (31 »C) or higher, to be a supercritical 
carbon dioxide, 

and than the supercritical carbon dioxide is added to said urethane-based thermoplastic elastomer compound 
50 of a molten state. 

[0023] It is preferable that the urethane-based thermoplastic elastomer (A-1) Is selected from the group consisting 
of an amorphous polymer, semi-crystalline polymer, llquld-crystalflne polymer, thermoplastic polymer and elastomer, 
each containing at least one kind of bond selected from the group consisting of urethane bond, urea bond, thiourethane 
bond and thiourea bond. 

55 [0024] A urethane-based thermoplastic elastomer composition foam of the present invention has: 

an average ceil diameter of 0.1 to 1 ,000 ^im, 
an average cell number of 1 0^ to ^0^^/cm^, 
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an elongation set of 1 to 100%, and 
a bulk density of 0.03 to 1.10 g/cnn^, 

and is obtainable through steps that; a gas dissolving step In whbh 0.1 to 30 parts by weight of carbon dioxide (B) Is 
5 added to 1 DO parts by weight of a urethane-based thermoplastic elastomer composition (A) of a molten state, wherein 

said urethane-based themioplastlc elastomer composition (A) comprises a urethane-based themnoplastlc elastomer 

(A-1 ) and other thermoplastic elastomer (A-2) in an ( A-1 )/(A-2) ratio of 20/80 to 99/1 by welghtto f omn a molten urethane- 
• based thermoplastic elastomer composition (C) which Is In a state of a mixture of the urethane-based themnoplastlc 

elastomer composition (A) and thecartjon dioxide (B); and a cooling step in which a temperature of the molten urethane- 
10 based thermoplastic elastomer composition (C) Is lowered. 

[0025] A urethane-based thermoplastic elastomer composition foam of the present Invention has: 

an average cell diameter of 0.1 to 1 ,000 p.m, 
an average cell number of 1 0^ to lO^^/cm^, 
IS an elongation set of 1 to 100%, and 

a bulk density of 0.03 to 1 .1 0 g/cm^. 

and is obtainable through steps that: 

20 a gas dissolving step In which 0.1 to 30 parts by weight of carbon dioxide (B) is added to 1 00 parts by weight of a 

urethane-based thennoplastic elastomer composition (A) of a molten state to fonri a molten urethane-based ther- 
moplastic elastomer composition (C) which Is in a state of a mixture of urethane-based thermoplastb elastomer 
composition (A) and the carton dioxide (B); 

a cooling step in which a temperature of said molten urethane-based thennoplastic elastomer composition (C) Is 

25 lowered; and 

a foaming controlling step In which said molten urethane-based thennoplastic elastomer composition (C) obtained 
through the gas dissolving step and the cooling step, is charged In or transfemed to a space controlled at a lower 
pressure than that of the cooling step to produce cell nuclei In said molten urethane-based thermoplastic elastomer 
composition (C), and foamed while controlling an expansion ratio. 

30 

[0026] A laminate of the present Invention includes the urethane-based thennoplastic elastomer composition foam. 
[0027] A molded article of the present invention comprises the urethane-based thermoplastic elastomer composition 
foam. 

[0028] The present Invention provides a high-quality poly urethane-based foam having fine bubbles of unlfomn size 
35 distributed unilormly throughout the foam, excellent In surface conditions and outer appearances, and also excellent 
In flexibility and mechanical properties. Particularly, use of carbon dioxide allows forfomiing the composition smoothly 
in high productivity without the use of a fluorochlorohydrocarbon and organic solvent, and hence is desirable in tenns 
of environmental considerations and safety. 

[0029] Moreover, the present Invention, using a thennoplastic resin (e.g., TPU) as the starting material, provides a 
^ urethane-based thermoplastic resin material excellent In recyclabllity and low in environmental burden. 

[0030] The molded article or the like made of the foam of the urethane-based thennopiastk: elastomer composition 
of the present Invention Is excellent In lightness, flexibility, thermal Insulation and surface appearances, and can be 
suitably used for various areas, e.g., interiors for automobiles, other vehicles and ships, cushioning materials, insula- 
tors, and interiors forconstmcted structures, e.g., houses. The foam of the polyurethane-based thermoplastic elastomer 
45 composition of the present invention can also be suitably used for laminates. 

Brief Description of the Drawings 

[0031 ] 

50 

FIG. 1 schematically shows the structure of one example of the method of the present Invention tor producing a 
urethane-based thermoplastic elastomer foam; 

FIG. 2 schematically shows the structure of another example of the method of the present Invention tor producing 
a urethane-based themnoplastlc elastomer foam; 
55 FIG. 3 schematically shows the structure of still another example of the method of the present Invention for pro- 

ducing a urethane-based thermoplastic elastomer foam; 

FIG. 4 schematically shows the structure of still another example of the method of the present Invention for pro- 
ducing a urethane-based thennoplastic elastomer foam; 
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FIG. 5 schematically shows the structure of still another example of the method oT the present Invention for pro- 
ducing a urethane-based thermoplastic elastomer foam; 

FIG. 6 schematically shows the structure of still another example of the method of the present Invention for pro- 
ducing a urethane-based thermoplastic elastomer foam; and 
5 FIG. 7 schematically shows the structure of one example of the method tor continuously producing foamed sheets 

by the method of the present Invention tor producing a urethane-based thermoplastic elastomer foam. 

[0032] Reference numerals shown In FIGS. (1) to (31) denote the following Items. 

10 Description of Symbols 

[0033] 





(1) 


Resin plastlcizing cylinder 


IS 


(2) 


Injector 




(3) 


Mold 




(4) 


Liquefied cartoon dioxide cylinder 




(5) 


Metering pump 




(6) 


Refrigerant circulator 


20 


(7) 


Pressure regulator 




(8) 


Heater 




(9) 


Flow meter 




(10) 


On -off valve 




(11) 


Injection plunger 


25 


(12) 


Adaptor 




(13) 


Resin accumulator plunger 




(14) 


Resin accumulator 




(15) 


in-line screw type Injection molder 




(16) 


Hopper 


30 


(17) 


Screw 




(IB) 


Gas cylinder 




(19) 


Pressure control valve 




(20) 


On -off valve 




(21) 


First extruder 


35 


(22) 


Second extruder 




(23) 


Connection 




(24) 


Die 




(25) 


Foam 




(26) 


Hopper 


40 


(27) 


Screw 




(28) 


Cooler 




(29) 


Cini^ular die 




(30) 


Foamed sheet 




(31) 


Water-cooled mandrel 



45 

Best Mode of Carrying Out the Invention 



[0034] The urethane-based thermoplastic elastomer composition foam of the present Invention comprises a com- 
position containing a themnopiastic polyurethane resin (hereinafter sometimes referred to as "a thermoplastic poly- 
urethane resin-containing composition") containing the thermoplastic polyurethane resin at 20% by weight or more, 
wherein the foam has 

an average cell diameter of 0.1 to 1 ,000 (im, 
an average cell number of 1 0^ to 10''S/cm3, 
an elongation set of 1 to 100%, and 
a bulk density of 0.03 to 1 .1 0 g/cm^. 

[0035] The foam is obtained by, e.g., foaming a thennoplastic polyurethane resin, optionally added and molten with 
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another thermoplastic restn or the like, and mixed with a supercritical carbon dioxide gas. 
[0036] First, the foam will be described. 

[Foam obtained from a composition containing a thermoplastic polyurethane resin] 

5 

[0037] The urethane-based thermoplastic elastomer composition foam of the present Invention (hereinafter some- 
times referred to as "foam") is the foam comprising a themioplastic polyurethane resin-containing composition which 
contains a themioplastic polyurethane resin at 20% by weight or more, wherein the foam has 

10 an average ceii diameter of 0.1 to 1 ,000 jim, 

an average cell number of 1 0^ to 1 
an elongation set of 1 to 100%, and 
a bulk density of 0.03 to 1 .1 0 g/cm^. 

15 [0038] The average cell diameter is preferably 0.1 to 200 ^m, more preferably 0.1 to 1 00 ^m. 
[0039] The average cell number Is preferably 1 0^ to 1 0^^/cm^, more preferably 1 0^ to 1 0''^/cm3. 
[0040] The elongation set is preferably 1 to 60%, more preferably 1 to 50%. 
[0041 ] The bulk density is preferably 0.03 to 1 .0 g/cm^, more preferably 0.03 to 0.9 g/cm^. 

[0042] It Is preferable that the foam of the invention satisfies the relation of melting point of the foam (T„,i) to that of 
20 the non-foamed resin (Tn,2) represented by the following formula (1 ): 

T„1 -TrT,2 2:5''C (1) 

^ The difference (T^^^ - T^g) preferably lO^'C or more, more preferably 15*^0 or more. 

[0043] The melting point of the composition not foamed means that of the resin composition which Is the same as 
the thermoplastic polyurethane resln-contalning composition containing the thermoplastic polyurethane resin at 20% 
by weight or more and cured without being foamed. 

[0044] It is also preferable that the foam of the invention contains chloroform-lnsolubles at 10% by weight or more, 
^0 more preferably 20% by weight or more, still more preferably 50% by weight or more. 

[0045] It is still also preferable that the foam of the invention a residue after chlorofonn extraction is at 20% by weight 
or more, still more preferably 50% by weight or more, and that the temperature in losing its weight by 5% of the residue 
after chloroform extraction Is 180°C or higher, still more preferably 240'»C or higher. 

[0046] The chlorofonn-insolubles of the foam is a synonym for the portion Insoluble in chloroform, described later 
(gel content). 

[0047] The residue after chloroform extraction means the portion Insoluble In chlorofonn and not passing through a 
300-mesh on. 

[0048] The temperature in losing Its weight by 5% of the residue after chloroform extraction is that determined by 
the TG-DTA analysis of the chloroform-lnsolubles. 

[0049] The foam of the present invention has an MFR of preferably 0.01 to 50 g/1 0 minutes, more preferably 0.1 to 
40 g/1 Ominutes. For the measurement of MFR of the foam, the foam is cut to have the maximum width of 3 mm or 
less, charged In a cylinder and left therein for 6 minutes, and analyzed after the gases are released from the cylinder. 
[0050] The foam of the present invention has a crystallization heat of preferably 5j/g or more, more preferably ej/g 
or more. 

[0051 ] The foam of the present Invention, when required to have certain properties, such as solvent resistance, heat 
resistance and elongation set, preferably contains the allophanate bond at 0.01 mmol/g to the whole weight of the 
foam' or more, more preferably 0.1 mmol/g or more. 

[0052] The foam of the present Invention, when required to have certain properties, such as water resistance, solvent 
resistance, heat resistance or the like, contains the urea bond at preferably 0.1 mmol/g of the whole weight of the foam 
^0 or less, more preferably 0.05 mmol/g or less. 

[Thermopiastic polyurethane resin] 

[0053] The thermoplastic polyurethane resin used in the present invention can be produced by reacting an organic 
^5 polyisocyanate compound used for production of a common thermoplastic polyurethane resin with a compound having 
active hydrogen, in the presence of an additive as required. The compound having active hydrogen is preferably a 
polyol or compound having a polyol as the major component. These may be used either Individually or In combination. 
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[0054] The urethane-based thermoplastic composition foam of the present Invention Is produceci by foaming the 
thermoplastic polyurethane resln-contarning composition containing at least a themnoplastic polyurethane resin, and 
may contain, as required, another thermoplastic resin other than the themioplastic polyurethane nesln-contalnlng com- 
position. 

5 [00551 The thermoplastic polyurethane resln-cx>ntainlng composition desirably contains the thennoplastlc poly- 
urethane resin at 20 to 100% by weight based on the total of the thennoplastlc polyurethane resin and another ther- 
moplastic resin, preferably 20 to 99% by weight, more preferably 40 to 95% by weight, still more preferably 50 to 90% 
by weight. 

[00561 The urethane-based thermoplastic polyurethane nesin and other thennoplastlc elastomer are the essential 
10 components in the foaming method 1, whereas the other thermoplastic elastomer Is optional in the foaming method 
2, as described later. Therefore, the above-described thermoplastic polyurethane resin content of 20 to 1 00% by weight 
Is applicable to the foaming method 2 and others to the foaming method 1 and 2. 

[0057] Melt flow rate (detemnined in accordance with ASTM D-1 23B-65T) of the themnoplastic polyurethane resin is 
preferably 0.5 to 50 g/1 0 minutes, more preferably 0.5 to 20 g/1 0 minutes, still more preferably 0.5 to 1 0 g/1 0 minutes. 
15 [0056] Of these thennoplastlc polyurethane resins, a urethane-based thennoplastic elastomer (A-1) Is preferable. 
[0059] As the other themnoplastic resin, other thennoplastic elastomer (A-2) is preferable. 

[0060] One or more additives, such as softening agent, may be Incorporated as required. In addition to the thermo- 
plastic polyurethane resln-containing composition. 

[0061 ] Therefore, the preferable thennoplastlc polyurethane resin-containing composition used In the present inven- 
20 tlon is the urethane-based thennoplastic elastomer composition (A) comprising the urethane-based thermoplastic elas- 
tomer (A-1) and, as required, the other thennoplastlc elastomer (A-2). 

[0062] Therefore, the urethane-based thermoplastic elastomer composition (A), which Is also used for the second 
method, preferably has a melt flow rate (detennlned In accordance with ASTMD-1 238-65T) of 0.5 to 50 g/1 0 minutes, 

more preferably 0.5 to 20 g/10 minutes, still more preferably 0.5 to 10 g/1 0 minutes. 
25 [0063] The urethane-based thermoplastic elastomers for the second method may be used either individually or in 
combination. 

[0064] Next, the urethane-based thermoplastic elastomer (A-1) and the other thennoplastic elastomer (A-2) will be 
described. 

30 <Urethane-based thennoplastic elastomer (A-1 )> 

[0065] The urethane-based thenmoplastic elastomer (A-1) Is a resin synthesized by the urethane reaction In which 
an isocyanate compound Is reacted with a compound having active hydrogen, e.g., polyol, optionally In the presence 
of a chain-extending agent or another additive. It may be produced when the foam is produced or beforehand, or a 
35 commercial one. 

[0066] The isocyanate compounds include aromatic dllsocyanates of 6 to 20 carbon atoms (excluding the carbon 
atom in NCO group), aliphatic dlisocyanates of 2 to IB carbon atoms, alicyclic diisocyanates of 4 to 15 carbon atoms, 
aromatic aliphatic dllsocyanates of 4 to 15 carbon atoms, and modifications thereof (e.g., the modifications containing 
urethane group, carbodllmide group, allophanate group, urea group, biuret group, urethodione group, uretholmlne 
^ group, Isocyanurate group and oxazolidone group). 

[0067] More concretely, the isocyanate compounds include tolylene dlisocyanate, diphenyl methane dilsocyanate, 
naphthalene dilsocyanate, hexamethylene dlisocyanate, dlcyclomethane dlisocyanate, Isophorone dilsocyanate, xy- 
lene dilsocyanate, norbomane dimethyl isocyanate and so on. 

[0068] The compounds having active hydrogen Include polyols, polyamine compound, and so on. 
45 [0069] The concrete examples of polyol compound include ester-based, adipate-based, ether-based, lactone-based 
and carbonate-based compounds. 

[0070] The chain -extending agents include low-molecular-welght dlols, alkylene diamines, or the like. 
[0071 1 The ester-based and adipate-based polyol compounds Include compounds produced by condensation reac- 
tion between a polyhydric alcohol (e.g., ethylene glycol, propylene glycol, butanodiol, butenediol, hexanediol, pentane- 
50 diol, neopentyldioi or pentanediol) and dibasic acid (adipic acid, sebacicacid, azelalc acid, terephthalic acid, isophthaiic 
acid, maleic acid, aromatic carboxyllc acid or the like). 

[0072] The ether-based polyol compounds, for example, Include polyethylene glycol, polypropylene ether glycol, 
polytetramethylene ether glycol, polyhexamethylene ether glycol and so on. 

[0073] The lactone-based polyols include polycaproiactone glycol, poiyproplolactone glycol, polyvalerolactone glycol 
55 and so on. 

[0074] The carbonate-based polyols include the compounds obtained by dealcoholization of a polyhydric alcohol (e. 
g., ethylene glycol, propylene glycol, butanediol, pentanediol, octadlol, nonanedlol or the like) with a compound, e.g., 
diethylene carbonate or dipropylene carbonate. 
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(Commercial urethane-basad themrioptastlc elastomers) 

[0C75J The commercial urethane-based themioplastic elastomers include, for example, Pellethane 21 03 series (PT- 
MG ethertype), 2102 series (cap roester type), 2355 series (polyester adipate type) and 2363 series (PTMG ether type) 

5 (trade names of Dow Chemical); Resamlne P-1 000 and P-7000 series (adipate ester type), P-2000 series (ether type), 
P-4000 series (caprolactone type) and P-800 series (carbonate type) (trade names of Dainichlselka Color and Chem- 
icals); PandexT series (trade name of DIC Bayer Polymer); Miractone E and Ptypes (trade names of Nippon Miractone); 
Estolan (trade name of Takeda Burdaysh Urethane); and Morcene (trade name of Morton) . They are hereinafter some- 
times referred to as thermoplastic polyurethane elastomers (TPU). 

10 [0076] Ot these urethane-based thennoplastic elastomers, the adipate-based resins are more preferable, because 
they can impregnate a larger quantity of foaming agent and control foaming pressure at a lower level. TPU's having a 
resin hardness of 80 (Shore A) or less are more preferable, because they can be treated at a foaming pressure of 
around normal pressure. 

[0077] These urethane-based thennoplastic elastomers (A-1 ) preferably have a melt flow rate of 0.5 to 50 g/1 0 mln- 
is utes, more preferably 0.5 to 20 g/1 0 minutes, still more preferably 0.5 to 1 0 g/1 0 minutes. Melt flow rate Is determined 
In accordance with ASTM D-1238-65T. 

<Other thermoplastic elastomers (A-2)> 

20 [0078] The urethane-based thermoplastic elastomer (A-1 ) Is preferably used in combination with other thennoplastic 
elastomer (A-2), when Improvement of at least one of the properties such as elongation set, heat resistance, melt 
tension, and solvent resistance, water resistance and so on Is desirable. Increasing melt tension leads production of 
the foam of high expansion ratio, and Is desirable when the foam of low density or the like is required, because It can 
easily give such product. 

25 [0079] The other thermoplastic elastomers (A-2) preferably have a melt flow rate of 0.01 to less than 50 g/1 0 minutes, 
more preferably 0.1 to 20 g/10 minutes, still more preferably 0.2 to 20 g/10 minutes. 
[0080] Melt flow rate is determined in accordance with ASTM D-123e-65T. 

[0081 ] The weight ratio of the urethane-based thermoplastic elastomer (A-1) to the other thermoplastic elastomer 
(A-2), (A-1)/(A-2) ratio, as the total of (A-1) and (A-2) Is 100, is for the foaming method 2, preferably 20/80 to 100/0, 
50 and for the foaming methods 1 and 2. preferably 20/80 to 99/1 , more preferably 40/60 to 95/5, still more preferably 
50/50 to 90/10. 

[0082] The other thennoplastic elastomer (A-2) , when used in the above ratio, gives the foam of excellent expansion 
ratio. 

[0083] The urethane-based thennoplastic elastomer composition (A) for the present Invention may contain, as re- 
3s quired, 50% by weight or more of a thermoplastic urethane elastomer as the otherthenmoplastic elastomer {A-2), which 
Is other than the urethane-based thermoplastic elastomer (A-1). 

[0064] The other thernipplastlc elastomers (A-2) used in the present Invention Include a styrene-based resin (poly- 
styrene, butadlene/styrene copolymer, acrylonitrile/styrene copolymer, acrylonltrile/butadlene/styrene copolymer or the 
like), ABS resin, polyethylene, polypropylene, ethylene/propylene resin, ethylene/ethyl acrylate resin, polyvinyl chlo- 

40 ride, polyvlnylidene chloride, poiybutene, polycarbonate, polyacetal, polyarylene sulfide, polyphenylene sulfide, 
polyphenylene ether, polyphenylene oxide, polyvinyl alcohol, polymethyi methacrylate, polyester resin (e.g., polyeth- 
ylene terephthalate or polybutyiene terephthalate), bio-degradable polyester resin (e.g., condensate compound of hy- 
droxycarboxylic acid, e.g., polybutyric acid; or condensate compound of a diol (e.g., polybutyiene succinate) and di- 
carboxylic acid), polyester elastomer (TPEE). polyamide resin, polyimlde resin, polyparabanic acid, fluorine resin, 

45 polysulfone, polyethersulfone» polyarylate, polyetheretherketone, and liquid-crystalline polymer. 
[0085] They may be used either Individually or In combination. 

[0085J Of these other thermoplastic elastomers (A-2), more preferable ones Include polylsobutylene, butyl rubber, 
and propylene/ethylene random copolymer and propylene/l -butene random copolymer each containing propylene at 
70% by mol or more, when used in combination with an olefin-based thennoplastic elastomer, particularly non- 
50 crosslinked rubber-like material, which are the rubber-like material enable to be mixed with crosslinking agent and are 
difficult to crosslink when kneaded under heating, and hence to decrease In fluidity. 

[0087] Of these, still more preferable ones include polylsobutylene and butyl rubber, becuase of their functions and 
handling. It is particularly preferable that polylsobutylene and butyl rubber have a Mooney viscosity [ML,^(100"=*C)] of 
80 or lower, because of Improving fluidity to an olefln-based thermoplastic elastomer. 
55 [0088] The other thennoplastic urethane elastomer (A-2), when used, may be used at 5 to 60 parts by weight, pref-' 
erably 5 to 30 parts, per 100 parts by weight of the urethane-based thennoplastic elastomer composttion (A). 
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<Other adclitiv8s> 

[0089] in the Invention, a softening agent (D), plastlclzer, wax, dispersant, compatlblllzer. crossllnking agent, 
crossllnking aid, process oil. deposition inhibitor, pigment, weather-resistant stabilizer, antioxidant, filler, fiber relnforc- 
5 ing agent, colorant, crystallization promoter, antlmlcroblal/antif ungi agent, antistatic agent, and metallic powder can be 
optionally used in accordance with the purpose or use. 

[0090] The urethane-based thermoplastic elastomer composition (A) can be incorporated with at least one of a plas- 

ticlzer, wax, dispersant, solublllzer and the like, when Its fluidity Is preferably to be improved. 

[0091] When the foam Is produced, these other additives may be added In the foam either Individually or in combl- 
10 nation with each other at the same time, or each may be adequately added in the thermoplastic potyuretharie or In the . 
other thermoplastic elastomer (A-2), etc. added as required. 

(Softening agent (D)} 

15 [0092] The urethane-based thermoplastic elastomer composition (A) In the present Invention may be Incorporated 
wfth a softening agent (D). 

[00931 One of the examples of the softening agent (D) Is a high-bolilng-polnt petroleum fraction, which Is normally 
used in roll processing of rubber to make processing easy by reducing Intermolecular force of rubber, to help dispersion 
of carbon black orthe like, and to increase fiexibiirty by decreasing the hardness of vulcanized rubber. As the petroleum 

20 fraction, paraffinic, naphthenic or aromatic based fraction can be used. 

[0094] Softening agents such as those used for rubber can be used In the present Invention . The concrete examples 
of these agents include a mineral oil-based softening agents, process oil, lubricating oil, paraffin, liquid paraffin, poly- 
ethylene wax, polypropylene wax, petroleum asphalt, synthetic petroleum-based material (e.g., vaseline), coal tars 
Including coal tar, and coal tar pitch, fatty oil (e.g., castor oil, linseed oil, rapeseed oil, soybean oil and coconut oil), tail 

25 oil, wax (e.g., bees wax, carnauba wax and lanolin), fatty acid (e.g., ricinolic acid, palmitic acid, stearic acid, 12-hy- 
droxylated stearic acid, montanic acid, oleic acid and erucic acid) and/or metallic salt thereof, petroleum resin, cou- 
marone-lndene resin, synthetic polymer (e.g., atactic polypropylene), ester-based plastlclzer (dloctyl phthalate, dioctyl 
adipate and dloctyl sebacate) , micnscrystalline wax, liquid polybutadlene or modification or hydrogenated product there- 
of, and liquid thiokol. Of these, mineral oil-based softening agents are more preferable. 

so [0095] The softening agent (D) is used preferably at 5 to 1 00 parts by weight ), more preferably 5 to 80 parts, still 
more preferably 5 to 50 parts, per 1 00 parts by weight of the urethane-based thermoplastic elastomer composition (A). 
[0096] Use of the softening agent (D) in the above ratio can improve fluidity of the urethane-based themrioplastlc 
elastomer composition (A) without deteriorating heat resistance and tensile characteristics of the foam. 

35 (Plastlclzer) 

[0097] The plastlcizens used In the present Invention include phthalate-based plasticizers, such as, di-n-butyl phtha- 
late, dl-2-ethyIhexyl phthalate (DOP), di-n-octyl phthalate, dlisodecyi phthalate. diisooctyl phthalate. octyldecyl phtha- 
late, butylbenzyl phthalate and dl-2-ethylhexyl phosphateisophthaiate; aliphatic ester-based plasticizers. such as dl- 

40 2-ethylhexyi adipate (DOA), dl-n-decyi adipate. dlisodecyi adipate. dibutyi sebacate and di-2-ethyihexyl sebacate; py- 
romellltate-based plasticizers, such as trioctyl trimellltate and tridecyl trimeilitate; phosphate-based plasticizers, such 
as trlbutyl phosphate, trl-2-ethylhexy! phosphate, 2-ethylhexyldlphenyl phosphate, and thcresyl phosphate; epoxy- 
based plasticizers, such as epoxy-based soybean oil; and polyester-based polymer plasticizers. They nnay be used 
either individually or in combination. 

45 [0096] The plastlclzer Is desirably used at 5 to 80 parts by weight), preferably 1 0 to 60 parts, per 1 00 parts by weight 
of the urethane-based themnoplastlc elastomer (A-1). The foam may suffer deteriorated soft resinous properties and 
moldablllty at less than 5 parts by weight, and excessive bleed-out at more than 80 parts by weight. The ester-based 
plastlclzer Is more preferable from the viewpoint of thermal stability and controlled bleed-out. 

50 (Wax) 

[0099] Wax works as an Internal and external lubricant for reducing friction, and hence Improves fluidity properties 
of the TPU. It also works as an effective releasing agent, which prevents the foam from adhering to the mold walls or 

the like, and also works as an effective dispersant for other additives, such as pigment and antiblocking agent. The 
55 waxes used in the present include not only fatty acid esters (e.g., stearate esters and montanata esters) but also the 
metallic soaps thereof; fatty acid amides (e.g., stearate amides and oleate amides, and higher fatty acid bisamldes): 
montanate ester wax; and polyethylene wax. 

[0100] The preferable higher fatty acid bisamldes are those produced by reacting a saturated higher fatty acid of 14 
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to 35 carbon atoms with aliphatic diamine of 1 to 10 carbon atoms. The saturated higher tatty acids used Include 
myrlstic acid, pentadecylic acid, palmitic acid, heptadecylic acid, stearic acid, nonadecanolc acid, arachic add, behenic 
acid, lignoserinic acid, cetinic acid, cerotic acid, heptacosanic acid, montanic acid and meiissic acid. The aliphatic 
diamines Include methylene diamine, ethylene diamine, trimethylene diamine, tetramethyiene diamine, pentamethyl- 
ene diamine, hexamethylene diamine, 1 ,7'dlaminoheptane, 1 ,B-diaminooctane, 1,9-dlaminononane and 1 ,1 0-diamtn- 
odecane. Of the high erf atty add bisamides produced by the reaction between a saturated higherfatty acid and ailphatic 
diamine, the more preferable ones include methyienebisstearic acid amide, ethyieneblsstearic acid amide, tetrameth- 
yienebisstearic acid amide, hexam ethyieneblsstearic acid amide, ethyleneblsmontanic acid amide, tetramethylenebi- 
smontanic acid amide, hexamethylenebismontanic acid amide. IVIethylenebisstearIc acid amide and/or ethyienebls- 
stearic acid amide are stiii more preferable. 

[0101] The wax, when used, is incorporated at 1 0 parts by weight or less, preferably 5 parts or less, per 1 00 parts 
of the urethane-based thermoplastic elastomer composition (A). 

(Dlspersant) 

[0102] The dispensants used In the present Invention include polypropylene modified with (anhydrous) maleic acid, 
polyethylene modified with (anhydrous) maleic acid, amino-modlfiod iow-moiecular-weight polypropylene, amlno-mod- 
Ified low-mo lecular-welght polyethylene, polypropylene modified with maleic acid hydrogenated hydroxyl group at the 
temninal. polyethylene modified with maleic acid hydrogenated hydroxyl group at terminal, and a mixture containing at 
least one of the above compounds. The preferable ones are polyethylene modified with (anhydrous) maleic acid and 
polypropylene modified with (anhydrous) maleic acid. 

[0103] The dlspersant normally has a number-average molecular weight of 1 ,000 to 100,000, preferably 1 ,000 to 

50,000. 

[01 04] The dlspersant, when used, Is used preferably at 20 parts by weight or less, more preferably 1 0 parts or less, 
per 1 00 parts of the urethane-based thermoplastic elastomer composition (A). 

(Compatibliizer) 

[0105] The compatibilizers Include organopolyslloxanes. The organ opolyslloxanes include poiydlmethyi siloxane, 
polydlphenyl siloxane, polymethylphenyl siloxane, polymethyi hydrogen siloxane and/or modified organopolysiioxanes 
that these organopolysiioxanes are modified with a compound containing epoxy group, a compound containing amino 
group, or a compound containing ester bond. Of these, a poiydlmethyi siloxane Is preferable because of dispersabillty 
and solubility in the resin, and effect of improving surface appearances, etc. 

[0106] The compatibliizer, such as organopoiyslloxane, is used preferably at 0.1 to 10 parts by weight, more prefer- 
ably 0.2 to 8 parts, still more preferably 0.3 to 5 parts, per 100 parts of the urethane-based thermoplastic elastomer 
composition (A). The organopoiyslloxane may exhibit insufficient effect of improving surface appearances at less than 
0.1 parts by weight. It is undesirable In the amount of more than 10 parts by weight, because the resin may not have 
a sufficient viscosity to withstand gas pressure during the foaming process, with the result that foams may be brolcen 
and. the fine cells may not be formed. ■ 

(Crossllnklng agent) 

[0107] The urethane-based thermoplastic elastomer composition (A) of the present invention can be produced by 
the dynamic heat treatment of composition f or crosslin Icing containing the urethane-based thermoplastic eleistomer (A- 
1 ), optionally the other thermoplastic elastomer (A-2), softening agent (D) or the Mice, preferably in the presence of a 

crossllnklng agent. 

[0108] The "dynamic heat treatment" means kneading the above component(s) in the molten state. 
[0109] The crossllnklng agents Include those commonly used for thermosetting rubber, such as an organic peroxide, 
sulfur, phenolic resin, amino resin, quinone and its derivative, amine-based compound, azo compound, and epoxy- 
based compound. Of these, an organic peroxide is more preferable. 

[0110] The concrete examples of the organic peroxides Include dicumyl peroxide, dKert-b uty I peroxide, 2,5-dlmethyl- 
2,5-dl-(tert-butylperoxy)hexane, 2,5-dimethyl-2,5-dl-(t6rt-butylperoxy)hexyne-3,1 ,3-bls(tert-butylperoxylsopropyi)ben- 
zene, 1 ,1 -bis(tert-butylperoxy)-3,3,5-trimethyl cyclohexane, n-butyl-4,4-bls(tert-butylperoxy)vaierate, benzoyl perox- 
ide, p-chiorobenzoyi peroxide, 2,4-dlchlorobenzoyl peroxide, tert-butyiperoxybenzoate, tert-butylperoxylso propyl car- 
bonate, diacetyi peroxide, lauroyi peroxide and tert-buty leu myl peroxide. 

[01 1 1 1 Of these, the more preferable ones are 2,5-dim6thyl-2,6-di-(tert-butyiperoxy)hexane, 2,5-dimethy!-2 ,5-di-(te^- 
butylperoxy)hexyne-3,1 ,3-bls(tert-buty!peroxylsopropyl)benzenB, 1 ,1 -bls(tert-butylperoxy)-3,3,5-trlmethyl cyclohex- 
ane and n-butyi-4,4-bls(tert-butylperoxy)valerate, because of their low odor and scorch stability. 1,3-bls(tert-butylper" 
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oxylsopropyl)benzen9 Is still more preferable. 

[0112] A bifunctlonal or more multi-functional Isocyanate, used as the starting material tor common polyurethane 
resin, is suitably used for the crosslinklng agent. 

[01 13] The crosslinklng agent may contain a monofunctional or muitl-functional Isocyanate derivative selected from 
the group consisting of polycarbodilmlde, polyoxazolidlne and isocyanurate. 

[0114] More concretely, the crosslinklng agents include diphenyl methane dilsocyanate, toluene diisocyanate, xyll- 
lene dilsocyanate, metaxylilene diisocyanate, hexamethylene diisocyanate. lysine diisocyanate, isophorone dilsocy- 
anate, trimethylhexamethylene dilsocyanate and dimmer acid dlisocyanate-based ones. The polymer with residual 
isocyanate group, obtained by the reaction of the above oligomer or polyo!, may also be used. Of these, diphenyl 
methane diisocyanate or the like Is more preferable for Its low cost and high availability. 

[01151 The particularly preferable ones include bis (4- isocyanate phenylmethyl)b©nzene Isocyanate, bls(4-isocy- 
anate phenylmethyl)diphenyl methane diisocyanate and polymethylene polyphenylene polylsocyanate. 
[0116] These Isocyanatas include polylsocyanate modifications, such as the cartoodiimide-modlfied compounds 
thereof and block type polylsocyanate modifications with the isocyanate group masked with phenols or lactams. 
[01 17] Of these, the particularly preferable one is a polymethylene polyphenylene polylsocyanate having a number- 
average molecular weight of 260 to around 800. 

[01 18] Use of a tertiary amine, quaternary ammonium salt, phosphlne, imidazole or the like as the catalyst for pro- 
moting crossilnkjng of the polylsocyanate Is not limited. 

[01 1 9] The crosslinklng agent is used preferably at 0.05 to 3 parts by weight, more preferably 0.1 to 2 parts by weight, 
per 1 00 parts by weight of the urethane-based thermoplastic elastomer composition (A). 

(Crosslinklng catalyst) 

[0120] A crosslinklng catalyst may be used to further facilitate the crosslinklng reaction. The crosslinklng catalysts 
include tertiary amine-based catalysts, such as monoamines, diamines, thamines, cycloamines, alcoholic annines and 
ether amines; and organo metallic compounds, such as organotln compounds. When the crosslinklng agent Is a poly- 
valent amine and the crossllnkable functional group Is epoxy group, the catalyst maybe omitted, because the amine 
and the epoxy group are sufficiently reactive for the crosslinklng. 

[0121 ] The crosslinklng catalyst Is used at 0.1 to 5 equivalents per equivalent of the epoxy group, when the epoxy 
group is the crossllnkable functional group, preferably 0.1 to 1 equivalent, because it may not exhibit the sufficient 
effect when present excessively. It may be used at 0.01 to 1% based on the polylsocyanate In the caise of isocyanate 
group, preferably 0.01 to 0.2% viewed from controlling the side reactions. 

[0122] The crosslinklng catalyst, when used, Is added preferably at 0.05 to 3 parts by weight, more preferably 0.1 
to 2 parts by weight, per 1 00 parts by weight of the urethane-based thermoplastic elastomer composition (A). 

(Crosslinklng aid) 

[0123] In the present Invention, at least one crosslinklng aid selected from the group consisting of peroxy crosslinklng 
aid, mufti-functional methacrylate monomer and multi-functional vinyl monomer may be used forthe crosslinklng treat- 
ment with the CfTosslinklng agent. 

[0124] The peroxy crosslinklng aids Include sulfur, p-qulnone dioxime, p,p'-dlbenzoyl quinone dioxime, N-methyl-N- 
4-dinttrosoanlllne, nitrosobenzene, diphenyl guanldine and trimethylolpropane-N,N'-m-phenylene dimaieimlde. 
[0125] The multi-functional methacrylate monomers Include divinyl benzene, triallyl cyanurate, ethylene glycol 
dimethacrylate, diethylene glycol dimethacrylate, polyethylene glycol dimethacrylate. trimethyiol propane trimethacr- 
ylate and aliyi methacrylate. 

[0126] The multi-functional vinyl monomers Include vinyl butyrate and vinyl stearate. 
[0127] Use of the crosslinklng aid can allow uniform, moderate crosslinklng reaction. 

[0128] Of these crosslinklng aids, dlvlnyl benzene is more suitable In the present Invention. It can be easily handled, 
well compatible with the urethane-based thermoplastic elastomer {A-1 ) as the major ingredient for the composition to 
be crosslinked, or other thermoplastic elastomer (A-2). having a function of solubliizing the crosslinklng agent, and 
working as the dispersant for the crosslinklng agent. As such, it can exhibit the uniform crosslinklng effect l^y the heat 
treatment process, and give the cn>ssllnked urethane-based thermoplastic elastomer composition foam with a well- 
balance between fluidity and other properties.' 

[0129] The crosslinklng aid, when used in the present invention, is used preferably at 0.1 to 3% by weight, more 
preferably 0.3 to 2% by weight, based on the whole composition to be crosslinked. 

[0130] The crosslinklng aid, when used at a content in the above range, gives the crosslinked urethane-based ther- 
moplastic elastomer composition foam whose properties remain unchanged through heat history during the molding 
process with foaming, because the crosslinklng aid Is not present as an unreacted monomer In the elastomer. It also 
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secures good fluidity for the molding process, and easily gives the molded article of complex shape. 
[Foaming agent or the like] 
(Carbon dioxide) 

[01311 Cartoon dioxide used as the foaming agent in the present invention is used at 0.1 to 30 parts by weight, 
preferably 0.1 to 20 parts by weight, more preferably 0.2 to 20 parts by weight, still more preferably 0.2 to 1 5 parts by 
weight, per 100 parts by weight of the thermoplastic polyurethane resin-containlng composition, orthe uretfiane-based 
thermoplastic elastomer composition (A) as its preferred embodiment. 

[0132] Carbon dioxide as the foaming agent may be used either individually, or In combination with nitrogen, pref- 
erably In a molar ratio of 1/9 to 9/1 for the latter case. 

[0133] It is more preferable to use carbon dioxide in combination with nitrogen than individually, when the other 
thermoplastic resin (A-2) Is a polyester-based resin (e.g., PET, PTEE, PBTorpolylacticacId), polycarbonate, polyamlde 
orthe like, because of Intending to Increase fineness of the cells and cell density. 

[0134] A sufficient expansion ratio may not be obtained, when the foaming agent is used at less than 0.1 parts by 
weight. On the other hand, carbon dioxide may cause blister type of defective surface appearances of the foam when 
the foaming agent is used in more than 30 parts, because of a high expansion force of carbon dioxide added, and 
needs a longer cooling time to form the composition into a desired shape, possibly deteriorating production efficiency 
because of increased production time. 

[0135] Carbon dioxide Is preferably kept under the supercritical conditions within the extruder before or during the 
process of mixing with the urethane-based thermoplastic elastomer, viewed from solubility, penetrability, diffuslvtty or 
the like Into the urethane-based thennoplastic elastomer composition (A) In a molten state. 

(Foaming nucleating agent) 

[0136] One or more types of thermo-decomposltion (thennally decomposable) foaming agents, which are thermally 
decomposed to fonn carbon dioxide and/or nitrogen , may be used as the foaming nucleating agents to foam unlfonnly 
in combination with carbon dioxide forthe present invention. 

[0137] The concrete examples of the foaming nucleating agents include oxalic acid, citric acid, succinic acid, sodium 
bicarbonate, and a mixture thereof. Of these, a mixture of sodium bicarbonate and citric acid is more preferable. 

(Themrio-decomposttion foaming agent) 

[0138] The thermo-decomposltion foaming agents include organic thenno-decomposltion foaming agents, such as 
azodlcarbon amide, 4,4'-oxybis(benzenesuifonyl hydrazlde), p-toluene sultonyl hydrazide, azobislsobutylodlnltrlle, 
azodiaminobenzene, azohexahydrobenzodinitrile, barium azodicarboxylate, N,N'-dinitrosopentamethylene tetramine, 
N,N'-dinltroso-N,N'-dlmethylterephthalamlde, t-butyl aminonitrile. p-toluene sulfonylacetone hydrazone; and Inorganic 
thermo-decomposltion foaming agents, such as citrfo acid, sodium bicarbonate and ammonium carbonate. 
[0139] One kind or more kinds of these compounds maybe used. Of these, azodlcarbon amide-based foaming agent 
is suitably used, becuase it is decomposed at melting point of the thermoplastic polyurethane composition or above, 
handled very easily, generates a large quantity of gases, and shows decomposing behavior suitable for nnelt forming 
of the polyurethane composition. 

[0140] Of the above thermo-decomposltion foaming agents, azodlcarbon amide, 4,4' -oxybis (benzenesulfonyl hy- 
drazlde), p-toluene sulfonyi hydrazide, sodium bicarbonate and the like have a function of reducing molecular weight 

of the polyurethane. On the other hand, 

N,N'-dlnltrosopentamethyiene tetramlne and the like have a function of promoting crossllnking of the polyurethane. 
Therefore, combination of the foaming agent having a function of reducing molecular weight of the polyurethane with 
the one having a function of promoting crosslinking of the polyurethane allows the polyurethane to have an adequate 
crosslink, makes possible to control reduction in mett viscosity, and allows to form the foam excellent in mechanical 
property, physical property and chemical property, and good In foamed conditions. 

[0141 ] The cell size of the obtained foam tends to be untfomrt, when produced In the presence of such a thermo- 
decomposltion foaming agent. 

[0142] The themno -decomposition foaming agent is used preferably at 0.01 to 10 parts by weight, more preferably 
0.01 to 5 parts by weight, per 100 parts by weight of the urethane-based thermoplastic elastomer composition (A). The 
total quantity of carbon dioxide and the thermo-decompositlon foaming agent is preferably 0.1 to 30 parts by weight, 
more preferably 0.1 to 20 parts by weight. 
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(Other toaming additives) 

[0143] One or more types of foaming additives may be added to obtain the urethane-based thermoplastic elastomer 
composition (A) used in the present invention, In order to Improve the foam surface appearances without breaking the 
5 obtained foams. The known additives commonly used for foam molding may be used as these additives. The suitable 
ones Include aliphatic carboxylic acids and derivatives thereof. 

[0144] The aliphatic carboxylic acids and derivatives thereof Include, for example, aliphatic carboxylic acids, acid 
anhydrides, alkali metal salts and alkali-earth metal salts thereof, etc. The preferable aliphatic carboxylic acids are 
include an aliphatic carboxylic acid of 3 to 30 carbon atoms, such as iaurb acid, stearic acid, crotonic acid, oleic acid, 
10 maieic acid, glutaric acid, montanic acid, etc. Of these, stearic acid and montanfc acid and derivatives thereof are more 
preferable in dispersabllity and solubility in the resin and surface appearance improvement effect and so on. Still more 
preferable ones are alkali metal and alkali-earth metal salts of stearic acid, and most preferable ones are zinc stearate 
and calcium stearate. 

[0145] The other foaming additive Is used preferably at 0.01 to 1 0 parts by weight, more preferably 0.05 to 8 parts 
IS by weight, still more preferably 0.1 to 5 parts by weight, per 1 00 parts by weight of the urethane-based thermoplastic 
elastomer composition (A). 

[0146] The additive can easily prevent breaking of the foams when the additives Is added at 0.01 parts by weight or 
more. And the additives can keep the resin at a sufficient viscosity to withstand the gas pressure during the foaming 
process and good surface appearances without breaking the foams when the additives are added at 1 0 parts by weight 
20 or less. 

[0147] An inorganic fine powder may be used as the foaming additive, for the urethane-based thenmopiastic elas- 
tomer composition (A) of the present invention, which works as the foaming nucleating agent. 
[01481 The fine inorganic powders Include taic, calcium carbonate, clay, magnesium oxide, zinc oxide, glass beads, 
glass powder, titanium oxide, cartDon black and silicic anhydride. More preferable ones are taic, calcium carbonate, 
25 titanium oxide and silicic anhydride, and talc is still more preferable. 

[0149] The fine Inorganic powder is preferably 50 \um or less In particle size, more preferably 1 0 jxm or less, still more 
preferably 5 or less. 

[0150] The fine Inorganic powder having a particle size of 50 ^ or less can decrease ceil size of the foam, and 
improve Its tzod Impact strength and surface appearances. 
30 [0151 J The fine inorganic powder is used preferably at 0.01 to 40 parts by weight, more preferably 0.05 to 20 parts 
by weight, still more preferably 0.05 to 1 0 parts by weight, most preferably 0.1 to 5 parts by weight, per 1 00 parts by 
weight of the urethane-based themioplastic elastomer composition (A). 

[01 52] It can further improve the foam surface appearances, when the inorganic fine powder is used In the range of 
0.01 to 40 parts by weight. 
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[Method for producing a urethane-based thermoplastic elastomer composition foam] 



[0153] The first method of the present invention for producing a urethane-based thermoplastic elastomer composition 
foam is characterized In that the first method Includes the step in^whlch a thermoplastic polyurethane resin, optionally 
40 with other thermoplastic resin, additives or the like, is molten to dissolve carbon dioxide (gas dissolving step), and the 
step in which the molten composition obtained in the above step Is cooled (cooling step). 

[0154] The second method of the present Invention tor producing a urethane-based thermoplastic elastomer com- 
position foam is characterized in that the second method includes the step In which the molten composition, obtained 
though the cooling step, Is charged In or transferred to a space controlled at a lower pressure than the cooling step to 
45 produce the cell nuclei In the molten urethane-based thennoplastlc elastomer composition, and then is foamed while 
controlling its expansion ratio (foaming controlling step). 

[0155] In the first production method, the method for producing the foam, In which the urethane-based thennoplastlc 
resin and other thennoplastlc elastomer are essential components, which comprises the gas dissolving step and the 
cooling step, and in which the foaming is performed after the cooling step or In the cooling step, is referred to as the 
50 foaming method 1 . in this method, the step for controlling the expansion ratio is not always needed. 

[0156] In the second production method, the method Including the gas dissolving step, the cooling step and the 
• foaming controlling step Is sometimes referred to as the foaming method 2. 

[0157] When the foam excellent In solvent resistance and heat resistance and elongation set is to be obtained, the 
thermoplastic polyurethane resin preferably contains a urethane-based thermoplastic elastomer. More concretely, the 
55 thsmnopiastic polyurethane resin is preferably the urethane-based thermoplastic elastomer (A-1), and the other resin 
is preferably the thermoplastic elastomer (A-2) . The urethane-based thennoplastic elastomer composition (A), com- 
prising these elastomers, is preferably used as the resin component. 

[0158] These production methods are suitably used for producing a foam comprising the composition containing the 
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thermoplastic polyurethane resin. These methods are described In detail below. 

[0159] The method of the present Invention for producing the foam preferably involves the dynamic crosslinking, in 
order to produce the foam excellent in solvent resistance and heat resistance, and elongation set. In the dynamic 
crosslinking, at least 70% of crosslinking Is preferably completed In the gas dissolving step and the cooling step, and 

5 the dynamic crosslinking Is particularly preferably effected mainly In the gas dissolving step. 

[0160] In this specification, the crosslinking means the phenomenon that an apparent molecuiarwelght of the polymer 
in the composition is increased when crosslinking prevails overthe competing decomposition In the competition reaction 
between decomposition reaction and crosslinking reaction which are caused by the reaction of the polymer with a 
crosslinking agent under heating. On the other hand, the decomposition means the phenomenon that an apparent 

10 molecular weight of the polymer Is decreased when the decomposition prevails overthe competing crosslinking. 

[0161] The dynamic crosslinking means the crosslinking effected by the dynamic heat treatment, described below. 
[0162] The dynamic heat treatment is effected by a kneading machine, such as an open type mixing roll, closed type 
Banbury mixer, kneader, extruder (monoaxial or biaxial) or continuous mixer, preferably by a closed type kneading 
machine. It Is also preferably effected under an inert gas atmosphere, such as nitrogen, carbon dioxide and so on. 

« [0163] The kneading Is preferably effected at a temperature at which hatf-llte period of the crosslinking agent used 
is less than 1 minute, it Is desirable that kneading temperature Is preferably 140 to 240*'C, more preferably 160 to 
230°C, and kneading time Is preferably 1 to 20 minutes, more preferably 1 to 5 minutes. The shear force is that normally 
associated with kneading, is desirably decided in the range of preferably 1 0 to 1 0^sec*'' , more preferably 1 0^ to 1 0^ec-^ . 
[0164] When the foam excellent In solvent resistance, heat resistance, and elongation set is to be produced. In the 

20 fomning method 2 is used, the urethane-based thermoplastic elastomer (A-1) is mixed with the other thermoplastic 
elastomer (A-2) and optionally a mineral oil-based softening agent (D) or the like beforehand. These components are 
unltonnly kneaded and pelletlzed, and the resultant pellets are unlfomily mixed with a crosslinking agent dissolved In 
dlvlnyl benzene, and, optionally with crosslinking aid, vulcanization promoter or the like by a known machine^ such as 
tumbler kneader, V-shaped Brabender, or Henschel mixer. Mixing is perfonned preferably at 50*C or lower. The pel- 

^5 letizing conditions can be adequately set. 

[0165] When the foam Is produced by the fomriing method 2. the urethane-based thermoplastic elastomer composi- 
tion (A) for the present Invention is preferably prepared by treating the urethane-based thermoplastte elastomer (A-1 ) 
under the dynamic heat treatment conditions, optionally together with the other thermoplastic elastomer (A-2) and a 
mineral oil-based softening agent (D) or the like, preferably in the presence of a crosslinking -agent. 

30 [0166] The foaming methods 1 and 2 are described below, the method 2 first. 

<Foamlng method 2> 

[01 67] The method 2 of the present Invention for producing the urethane-based themnoplastic elastomer composition 
35 foam includes 

the step (gas dissolving step) In which to 100 parts by weight of the thenncplastic polyurethane resin In a molten 
state, 0.1 to 30 parts by weight of carbon dioxide is added and mixed, to form a molten thermoplastic polyurethane 
resin composition, and 

the step (foaming controlling step) In which the obtained molten th'ennopalstic polyurethane composition after 
^0 the step that the temperature of the molten thermoplastic polyurethane composition is lowered (In the cooling step), Is 
charged In or transferred to a space controlled at a lower pressure than that of the cooling step to produce the cell 
nuclei In the molten thenrtoplastlc polyurethane resin composition, and then is foamed while controlling Its expansion 
ratio. 

[0168] The thermoplastic polyurethane resin is preferably the urethane-based thermoplastic elastomer composition 
45 in the molten state. 

[0169] When the foam excellent In solvent resistance, heat resistance, and elongation set Is to be produced, the 
thennoplastlc polyurethane resin preferably contains a urethane-based thermoplastic elastomer (A-1), and optionally 
other thermoplastic resin and mineral oil-based softening agent or the like. 

[0170] More concretely, it is preferable to use the urethane-based thermoplastic elastomer composition (A) of the 
50 molten state comprising the urethane-based thermoplastic elastomer (A-1), and optionally the other thennoplastic 
elastomer (A-2), In a ratio described earlier. The suitable method of producing the foam of the urethane-based ther- 
moplastic elastomer composition includes 

the step (gas dissolving step) in which to 100 parts by weight of the urethane-based thennoplastlc elastomer 
composition (A), 0.1 to 30 parts by weight of carbon dioxide is mixed and added, to form a molten urethane-based 
55 themnoplastic elastomer composition (C), and 

the step (foaming controlling step) in which the molten urethane-based thermoplastic elastomer composition (C) 
obtained after the step (cooling step) In which the temperature of the molten urethane-based thermoplastic elastomer 
composition (C) Is lowered is charged In or transferred to a space controlled at a lower pressure than the cooling step 
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to produce the cell nuclei In the molten urethane-based thermoplastic elastomer composition (C), and than Is foamed 
while controlling Its expansion ratio. 

[0171] In the gas dissolving step, the state in which the thennoplastic polyurethane resin may be incorporated, op- 
tionally, with an aliphatic carboxyiic acid, derivative thereof, foaming nucleating agent, inorganic fine powder or the 
5 like, namely either the state to include them In the thermoplastic polyurethane resin beforehand or separately. It may 
be the state containing a thermally decomposable foaming agent in the gas dissolving step within limits not harmful to 
the object of the present invention. 

[0172] Each of the steps will be described below. The thermoplasstic polyurethane resin, the molten urethane-based 
thermoplastic elastomer composition (A) in the molten state composed of the urethane-based themnoplastlc elastomer 
10 (A-1) and, as required, the otherthemioplastic elastomer (A-2) maybe mentioned as an example of the thermoplastic 
polyurethane resin. 

(Gas dissolving step) 

IS [01731 In the gas dissolving step, the thermoplastic polyurethane resin (preferably urethane-based thermoplastic 
elastomer composition (A)) Is molten preferably at 100 to 240*^0, more preferably 110 to 240'»C, still more preferably 
140to230''C. 

[01741 In the gas dissolving step, the method to add a foaming agent to the molten urethane-based thermoplastic 
elastomer composition (A) can be, for example, the method that gaseous carbon dioxide may be added directly or after 

20 being pressurized, or liquefied carbon dioxide may be added by a plunger pump or the like. 

[0175] In the gas dissolving step, It is preferable that carbon dioxide (B) to be added Is kept at a constant pressure 
at 7.4 MPa (critical pressure of carbon dioxide) to 40 MPa and not less than the critical temperature of carbon dioxide 
(31 'C), to become a supercritical carbon dioxide, and then the supercritical carbon dioxide Is added to the molten 
urethane-based thermoplastic elastomer composition. 

25 [01761 it is also preferable that the addition method of carbon dioxide in the gas dissolving step Is the one that carbon, 
dioxide in a liquified form Is added to a pump to charge while keeping in a liquified form, 

and under the charging pressure of caibon dioxide by the pump being kept In a constant pressure of critical 
pressure of carbon dioxide (7.4 MPa) to 40 Mpa, and the carbon dioxide Is charged by the pump, and the carbon 
dioxide charged from the pump Is heated to a critical temperature of carbon dioxide (31 ^C) or h igher, to be a supercritical 

30 carbon dioxide, 

and then the supercritical cari3on dioxide is added to said urethane-based thennoplastic elastomer composition 

of a molten state. 

[01771 FIG. 1 , for example, outlines showing one example of the method for producing the urethane-based thermo- 
plastic elastomer composition foam. As shown In Fig. 1 , In the suitably used method, cartDon dioxide is charged from 

35 the liquefied carbon dioxide cylinder (4) Into the metering pump (5) while being kept liquid state, discharged from the 
metering pump (5) at a constant pressure between 7.4 MPa (critical pressure of cartoon dioxide) to 40 MPa while being 
controlled by the pressure regulator (7) , and then heated to not less than critical temperature of carbon dioxide of 31 ''C 
to become the supercritical carbon dioxide, after that the supercritical carbon oxide is added to the molten urethane- 
based thermoplastic elastomer composition (A). (Cooling step) 

40 [01781 in the cooling step, a temperature of the molten themioplastic polyurethane composition (preferably the molten 
urethane-based thermoplastic elastomer composition (C)) obtained by the gas dissolving step is lowered to not less 
than the plastlclzing temperature of said composition and not more than the melting temperature in the gas dissolving 
step. It is preferable that the temperature of the molten thermoplastic polyurethane resin composition (preferably the 
molten urethane-based thermoplastic elastomer composition (C)) obtained by the gas dissolving step is kept at 1 0 to 

45 1 oo**C lower than the temperature In the gas dissolving step. 

[01791 In the cooling step, the molten thermoplastic polyurethane resin composition obtained by the gas dissolving 
step Is kept at 50 to 230°C, more preferably at 80 to 220*C. 

[01801 Thus obtained molten thennoplastic polyurethane resin composition (preferably the molten urethane-based 
thermoplastic elastomer composition (C)) is preferably handled in such a way that carbon dioxide is not separated 
50 before the gas dissolving and the cooling steps are completed. For this, it is preferable to keep the pressure and the 
temperature In the system existing the molten urethane-based thermopiastb elastomer composition In the gas dissolv- 
ing step and the cooling step at the critical pressure of carbon dioxide (7.4 MPa) or more and critical temperature of 
carbon dioxide, (SI^C) or more. 

55 (Foaming controlling step) 

[0181 1 The molten thennnoplastic polyurethane resin composition (preferably the molten urethane-based thennoplas- 
tic elastomer composition (C)) obtained through the gas dissolving step and the cooling step can further Include a 
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foaming controlling step to foam said composition. This step Is described below by the molten urethane-based ther- 
moplastic elastomer composition (C) as the example. 

[0182] The foaming controlling step is the step charging or transferring the molten urethane-based thermoplastic 
elastomer composition (C) In or to a space controlled at a lower pressure than that in the cooling step, and 

s after forming the cell nuclei in the molten urethane-based themioplastic elastomer composition (C) , and 

then, foaming while controlling Its expansion ratio. 
[0183] The space in which the cell nuclei are generated and the space in which the expansion ratio Is controlled may 
be common or separate. When the common space Is adopted, the expansion ratio is controlled by the pressure loss 
of the molten urethane-based thermoplastic elastomer composition (C) being moved while foaming Inside the space. 

10 When the expansion ratio Is controlled in the separate space, the pressure in that space can be controlled separately 
from the space that the cell nuclei are generated, and the expansion ratio can be controlled also In this case by the 
pressure loss of resin being moved while foaming Inside the space. 

[0184] The expansion ratio can also be controlled by another method, such as the molten urethane-based thermo- 
plastic elastomer composition (C) is cooled to Its crystallization temperature or below after the cell nuclei are generated, 
IS and the growth of the cell nuclei generated Is controlled. 

[0185] Pressure In the space In which the cell nuclei are generated Is preferably controlled at 0.1 to 20 MPa lower 
than that in the cooling step, more preferably at 0,1 to 15 MPa lower. 

[0186] When the expansion ratio Is controlled by generating the pressure loss In the space, the pressure is based 
on the differential pressure between the pressure observed immediately after the cooling step Is started (namely the 
20 pressure observed while the composition conveys a distance of 2D (D: screw diameter) from the point at which the 
cooilng step Is started) and the pressure obsen^ed immediately afterthe composition flows Into the cell nuclei generating 
step from the cooling step (namely the pressure observed while the composition conveys a distance of 2D from the 
point at which the cooling step is ended). 

[0187] As for the concrete pressure in the space in which the cell nuclei are generated, the preferable pressure is 

25 7 A to 20 MPa, more preferably 7.4 to 15 MPa. 

[0188] The pressure, when the expansion ratio Is controlled by generating the pressure loss In the space. Is the 
same as the above case, such as the difference observed of the pressure difference Is based on the pressure observed 
Immediately after the space of the generating cell nuclei from the cooling step (namely the pressure observed while 
the composition conveys a distance of 2D from the point at which the cooling step Is ended). 

30 [0189] When the expansion ratio Is controlled separately from the space for generating the cell nuclei, th e pressure 
Is preferably controlled at 0.1 to 10 MPa lower than that of the space for generating the celt nuclei, more preferably 
0.1 to 5 MPa lower. 

[0190] As for the concrete pressure In the space In which the expansion ratio Is controlled, the preferable pressure 
Is 7.4 to 20 MPa, more preferably 7.4 to 10 MPa. 

35 [0191] The pressure, when the expansion ratio Is controlled by generating the pressure loss In the space, Is the 
same as the above case, such as the difference observed on the pressure difference is based on the pressure observed 
immediately afterthe space of controlling the expansion ratio from the space of generating the cell nuclei (namely the 
pressure observed while the composition conveys a distance of 2D from the point at which each space is started). 
[0192] One of the concrete examples ot the foaming controlling step Is the step that: for.example, by means of an 

"^0 injector or the like, a given quantity of the molten urethane-based thermoplastic elastomer composition is charged in 
or transferred to a space to be foamed, such as a moid, for example, to the space for foaming such as mold or die; 
and In the molten urethane-based themnoplastlc elastomer composition (C), which is charged by Injection in the mold 
in case of the mold, and, which is transfen'ed to die in case of die, after that the ceil nuclei are generated in the molten 
urethane-based themnoplastic elastomer composition (C) by lowering pressure In the space of the mold or the die, the 

^5 molten urethane-based thermoplastic elastomer composition Is foamed to obtain the urethane-based thermoplastic 
elastomer composition foam (thermoplastic polyurethane resin composition foam when molten thermoplastic poly- 
urethane resin composition Is used). 

[0193] In the Invention, for forming the urethane-based thennoplastic elastomer composition foam, molders used for 
the known resin forming methods, such as extrusion molding, injection molding, blow molding, extrusion blow molding, 
50 injection blow molding, inflation molding, stamping mold molding, compression molding and beads molding, can be 
used. A continuous plastlctzlng machine, described later, is included In these molders. 

[0194] Product shape of the urethane-based thermoplastic elastomer composition foam of the present Invention Is 
not limited. For example, product shapes of the urethane-based thermoplastic elastomer composition foam formed by 
extrusion molding is not limited, and include shapes of sheet, plate, rectangular shape, pipe, tube, cylinder, ellipse, 
55 two-by-two matrix, strand, powder, bead, filament, net, extruded unique shape, extruded multi-layered stnjcture. and 
wire coating. 

[01 95] Exparislon ratio of the urethane-based thermoplastic elastomer composition foam of the present Invention Is 
not limited, but an article of low ratio of 1 to 4 and an article of high ratio of 4 to 50 are suitable for practical production 
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or Industrial production. 

<Foamlng method 1 > 

5 [0196] The foaming method 1 of the present Invention Includes: 

the step (gas dissolving step) In which to 100 parts by weight of the themnoplastic polyurethane resin composition 
(preferably ureth an ©-based thermoplastic elastomer composition (A)) In a molten state, comprising 20 to 99 parts 
by weight of a themioplastic polyurethane resin (preferably u reth an e- based thermoplastic elastomer (A-1)) and 
10 80 parts by weight or less, preferably 1 to 80 parts of an elastomer comprising thermoplastic resin except urethane 

(other thermoplastic elastomer (A-2)) (i.e., the upper limit of the (A-2) content Is 80 parts by weight) 0.1 to 30 parts 
by weight of carbon dioxide is added, to mix and dissolve cartaon dioxide In the thermoplastic polyurethane resin 
composition, and 

the step (cooling step) In which the temperature of the molten composition obtained In the gas dissolving step Is 
t5 lowered. The thennoplastic polyurethane resin is preferably the ureth an e-based thennoplastic elastomer, In order 

to produce the foam excellent in solvent resistance, heat resistance and in elongation set. 

[01971 The elastomer composition can be prepared by, e.g., uniformly mixing the urethane-based thennoplastic elas- 
tomer (A-1 ) with the additive (s) described earlier orthe like and, as required, the other themnoplastic elastomer (A-2). 
20 by a high-speed agitator or the like, and melting and kneading the resultant mixture by a monoaxlal or multi-axial 
. extruder, mixing roll, kneader or Brabender each having sufficient kneading ability. The urethane-based thennoplastic 
elastomer {A-1), the addltlve(s) and the other thennoplastic elastomer (A-2) optionally used may be used at the state 
of being uniformly mixed with each other. 

[0198] As a result, this produces the crossllnked urethane-based thermoplastic elastomer composition (A) can be 

25 obtained. 

[0199] When extrusion molding Is adopted for production of the urethane-basedthermoplastic olastomercomposltlon 
(A), It Is preferable to Incorporate the urethane-based thermoplastic elastomer (A-1) and the other thermoplastic elas- 
tomer (A-2), preferably In an amount of (A-1 ) of 40 to 95 parts by weight, (A-2) of 1 to 80 parts by weight, more preferably 
(A-1 ) of 60 to 95 parts by weight, (A-2) of 1 to 25 parts by weight, still more preferably (A-1 ) of 70 to 95 parts by weight, 

30 (A-2) of 1 to 10 parts by weight, each based on 100 parts of urethane-based thennoplastic elastomer composition (A). 
When the other thermoplastic elastomer (A-2) in the above ratio is used, the foamed composition excellent in flexibility 
and heat resistance and high expansion ratio, being difficult to produce with the urethane-based thermoplastic elas- 
tomer (A-1) alone can be obtained. The above parts are based on the whole composition, Including the urethane-based 
themnoplastic elastomer (A-1), other thennoplastic elastomer (A-2) and other additives. 

35 [0200] The gas dissolving step and the cooling steps for the foaming method 1 may be effected In the same manner 
as those for the foaming method 2. 

<Apparatus for producing the urethane-based thennoplastic elastomer composition toam> 

40 [0201] In order to produce the urethane-based thermoplastb elastomer composition foam by the method of the 
present invention. It is recommended to use the production apparatus which operates under the same conditions as 
those adopted by the method of the present Invention, described above. 

[0202] In the cooling means corresponding to the cooling step of the foaming method 1 or 2, the molten themrioplastic 
polyurethane resin composition obtained by the gas dissolving step is preferably in the range of 1 1 0 to 230*'C or above. 
It Is necessary to configure the apparatus in such away that It can lower the temperature of the molten urethane-based 
thermoplastic elastomer composition at not less than the plastlcizing temperature of the molten urethane-based ther- 
moplastic elastomer composition, not more than the melting temperature adopted by the gas dissolving step and In 
the range of 130 to 230*'C. The other configurations of the apparatus are recommended in such a way that they can 
keep the conditions for the method of the present invention, described earlier. 

50 

<Concrete examples of the method for producing the urethane-based thermoplastic elastomer composition foam> 

[0203] One example of the method of producing the foam of the present Invention by Injection molding Is described 
in detail by referring to FIG. 1 . 

55 [0204] The injector (2) equipped with the injection plunger (11) is connected, via the on-off valve (10), to the resin 
piasticizing cylinder (1) equipped with a line at which a foaming agent is added to the molten urethane-based thermo- 
plastic elastomer composition (A). The urethane-based thennoplastic elastomer composition (A), charged In the resin 
plastlcizing cylinder (1 ), Is Incorporated therein with carbon dioxide while being heated and molten, to prepare a molten 
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urethane-based thermoplastic elastomer composition. ' 

[C2051 Then, the molten urethane-based thermoplastic elastomer composition is sent to the Injector (2) equipped 
with the injection plunger (11). When theon-off valve (10) is closed after sending the resin plastlcizlng cylinder (1) and 
Injector (2) are Isolated from each other. The resin plastlcizlng cylinder (1) continuously forms the molten urethane- 
based thermoplastic elastomer composition without stopping while the molten urethane-based thermoplastic elastomer 
composition Is weighed and Injected into the mold (3) by the Injector (2). In this case, the molten urethane-based 
thermoplastic elastomer composition Is not measured, when sent to the Injector (2), pressure In the resin plastlcizlng 
cylinder (1) increases, which, however, should cause no problem for continuing the gas dissolving step and the cooling 
step, because the compatible state of the molten urethane-based thennoplastic elastomer composition compatible is 
not destroyed by Increasing a pressure. However, the molten urethane-based thermoplastic elastomer composition 
may be discharged from the system via the on-off valve (10), when the pressure capacity of the resin plastlcizlng 
cylinder (1) happens to have a problem. Such a design is also within the scope of the present invention. 
[0206] The injector (2) starts injection on completion of the measuring section (the metering). The comnnon molder 
loses back pressure once the measuring section Is completed. However, the molder for the present invention Is de- 
signed In such a way to l<eep a back pressure until the injection is completed after start of the measuring section, to 
prevent the foaming agent from being separated from the urethane-based thennopiastic elastomer composition. The 
back pressure level is not limited, so long as it prevents the separation of the foaming agent and the urethane-based 
thennoplastic elastomer composition, but is preferably kept at not less than the critical pressure of the foaming agent. 
[0207J Therefore, the molten urethane-based thermoplastic elastomer composition formed in the resin plasticizing 
cylinder (1) is injected in the mold (3) without a phase separation between thefoaming agent and the urethane-based 
thennopiastic elastomer composition. 

[0208] The foaming controlling step Is effected in the mold (3) for Injecting the molten urethane-based thennoplastic 
elastomer composition therein followed by releasing the high-pressure gas filled in the moid (3) and/or partially or fully 
moving the core of the mold (3) backwards. 

[0209] FIG. 2 lllustraTes one of the embodiments of the present invention by injection molding. Because of providing 
the adapter (12) having a mixing zone between the resin plastlcizlng cylinder (1) equipped with a line through which 
the foaming agent Is added to the molten urethane-based thennoplastic elastomer composition, and the Injector (2) 
equipped with the Injection plunger (11), wherein the mixing zone is connected, to the discharge line of the resin plas- 
tlcizlng cylinder (1 ) connected with the Injector (2), via the on-off valve (1 0), the mixing between the molten urethane- 
based theimoplastic elastomer and carbon dioxide can be improved more. Furthennore, It becomes easy to form a 
compatible state between urethane-based thermoplastic elastomer composition and carbon dioxide and also becomes 
easy to cool the molten urethane-based thermoplastic elastomer composition to have the viscosity suitable for the 
subsequent injection and foaming by controlling the temperature of the adapter (12). 

[021 0] The adapter (12) having the mixing zone Is not limited, but It is preferably equ ipped with a built-in static mixer, 
because kneading and cooling the molten urethane-based thennoplastic elastomer composition are effected. 
[0211], FIG. 3 illustrates another embodiment of the present invention relating to Injection molding. The system is 
provided with the resin accumulator (14) having the resin accumulator plunger (13), which is located upstream of the 
injector (2) having the injection plunger (1 1 ) and connected to the injector (2) via the on-off valve (1 0). 
[0212] It facilitates to keep a given pressure within the system, to be easy to keep the mixture state of the molten 
urethane-based thermoplastic elastomer composition, and to give the better surface appearances of the foamed prod- 
uct, because the molten urethane-based thermoplastic elastomer composition flowing from the resin plastlcizlng cyl- 
inder (1) is sent to the resin accumulator (14) provided Immediately upstream of the on-off valve (1 0) while the on-ofl 
valve (10) is switched off to inject the composition into the mold (3) by the injection plunger (11) after the completion 
of the measuring, and the molten urethane based thennoplastic elastomer composition flowing into the resin accumu- 
lator (14) moves the plunger backwards to control pressure in the accumulator (14). 
[0213] FIG. 4 Illustrates still another embodiment of the present Invention relating to Injection molding. 
[0214] As shown, the resin accumulator (14) equipped with plungercan be replaced by the injector (2) equipped with 
one more injection plunger (11). This design is desirable, because It facilitates to keep a desired pressure within the 
system, to become easy to keep the mixture state of the molten urethane-based thennoplastic elastomer composition, 
and .to give the better surface appearances of the foamed product. 

[0215] The Injection molder with the resin plastlcizlng cylinder (1) and injector (2) separated from each other, such 
as the one shown In each of FIGS. 1 to 4, can facilitate to keep at a pressure for preventing the urethane-based 
thermoplastic elastomer composition and foaming agent from being separated In each other, and hence to produce 
the thennopiastic elastomer composition foam of the invention. However, the inline-screw type injection molder (15) 
shown in FIG. 5 can also produce the urethane-based thermoplastic, elastomer composition foam, so long as the 
injection molder which can always keep a back pressure while metering and injecting with dissolving and cooling the 
gas. 

[021 S] The gas dissolving step for forming the mixture state of the urethane-based themioplastic elastomer compo- 



18 



EP 1 266 928 A1 

slllon and cartoon dioxide of the Invention Is the step In which the urethane-based thermoplastic elastomer composition 
Is molten under heating In the resin plasticizing cylinder (1 ), and to said molten urethane-based thenrioplastic elastomer 
composition, carbon dioxide is added to mix uniformly, in the example for production method of the urethane-based 
thermoplastic elastomer composition foam as shown In FIG. 1 . 

5 [0217] The cooling step or the cooling means is the step or means to adjust the molten urethane-based thermoplastic 
elastomer Is cooled to adjust that the composition has a viscosity suitable for injection and foaming. 
[0216] These gas dissolving step and cooling step are effected by the resin plasticizing cylinder (1) and adaptor (1 2) 
in the embodiment shown in FIG. 2 of the examplesof producing method of the urethane-based thennoplastic elastomer 
composition foam. These gas dissolving step and cooling step are effected by the resin plasticizing cylinder(1), adaptor 

10 (12) and resin accumulator (14) in the embodiment shown in FIG. 3 of producing the foam of the urethane-based 
thermoplastic elastomer composition. 

[0219] in the foaming controlling step, the molten urethane-based thenmoplastic elastomer composition controlled 
at a temperature to have a viscosity suitable for injection and foaming is metered at the injector (2) and Injected by the 
injection plunger (11); and then the molten urethane-based thennoplastic elastomer composition Injected Into the mold 
IS (3) Is foamed by reducing a pressure from pressured state generating the cell nuclei and controlling expansion ratio. 
[0220] Of these steps, at least the gas dissolving step and cooling step can be effected In accordance with the 
following methods disclosed by Japanese Patent Lald-Open No. 8-11190. 

[0221 ] Referring to FIG. 1 , the urethane-based thennoplastic elastomer composition is charged via the hopper (1 6) 
into the resin plasticizing cylinder (1 ) and is molten at its melting point or plasticizing temperature, or above. It is molten 

20 under heating at 1 20 to 240''G. Cartoon dioxide In the liquefied cartoon dioxide cylinder (4) is charged into the metering 
pump (5), and is Increased In pressure therein. The pressure-controlled carbon dioxide is added Into the molten ure- 
thane-based thermoplastic elastomer composition In the resin plasticizing cylinder (1). It Is preferable to keep the 
system Inside at least at the critical pressure of carbon dioxide (7.4 MPa) and at least at the critical temperature of 
carbon dioxide (31 'C), In order to greatly increase solubility of carbon dioxide in the molten urethane-based thermo- 

25 plastic elastomer composition and allow it to dissolve or penetrate into the urethane-based thermoplastic elastomer 
composition In a short time. 

[0222] It is also preferable to increase temperature and pressure of carbon dioxide to have the supercritical condi- 
tions, before It Is incorporated In the molten urethane-based themioplastic elastomer composition In the resin plasti- 
cizing cyiinder (1). 

30 [0223] The molten urethane-based thermoplastic elastomer composition Is kneaded with cartoon dioxide by the screw 
(17) in the resin plasticizing cylinder (1), to form the compatible state of urethane-based thennoplastic elastomer com- 
position and carbon dioxide. Then, after compatlbillzing, the molten urethane-based thermoplastic elastomer compo- 
sition is cooled, while Its temperature is controlled at the front end of the resin plasticizing cylinder (1 ), to not less than 
the plasticizing temperature of the molten urethane-based thermoplastic elastomer composition, not more than the 

35 temperature of 50*'C higher than that of the plasticizing temperature of the molten urethane-based thermoplastic elas- 
tomer composition, and, not more than the melting temperature adopted In the gas dissolving step. The temperature 
is in the range of 110 to 230°C, preferably 130 to 220*»C, and not less than the plasticizing temperature of the molten 
urethane-based themnopalstlc elastomer composition to cool, to regulate the viscosity suitable for the subsequent 
Injection and foaming. 

40 [0224] One embodiment of the present invention will be described in more detail by referring to the figures. The 
reference numerals in FIGS, 1 to 5 are (1 ): resin plasticizing cylinder, (2): injector, (3): mold^ (4): liquefied carbon dioxide 
cylinder, (5): metering pump, (10): On-off valve, (11): injection plunger, (12): adaptor, (13): resin accumulator plunger. 
(14): resin accumulator, (15): in-line screw type injection molder, (IB): hopper, (17): screw, (18): gas cylinder, (19): 
pressure regulator valve, and (20): on-ofT valve. 

45 [0225] GariDon dioxide has the critical pressure of 7.4 MPa and critical temperature of 31 The resin plasticizing 
cylinder (1) Inside is kept at 7.4 to 40 MPa, preferably 10 to 30 MPa, and at 110 to 300^*0 , preferably 130 to 280**C, 
still more preferably 240"= C or lower, particularly preferably 130 to 235=*C. 

[0226] Carbon dioxide as the foaming agent Is preferably increased In temperature and pressure before being added 
in the molten urethane-based thermoplastic elastomer composition in the resin plasticizing cylinder (1), and then added 

50 after reaching the supercritical conditions. 

[0227] The molten urethane-based thermoplastic elastomer composition is kneaded with cartoon dioxide by the screw 
(17) In the resin plasticizing cylinder (1), to make the compatible state of the molten urethane-based thennoplastic 
elastomer composition and carbon dioxide. Then, after compatlblllzatlon, In the cooling step, the molten urethane- 
based thermoplastic elastomer composition Is cooled, while Its temperature Is controlled at the front end of the resin 

55 plasticizing cylinder (1 ), to 11 0 to 230°C, preferably 130 to 220°C, and not less than the its plasticizing temperature of 
the molten urethane-based thennoplastic elastomer composition, and adjusted to have the viscosity suitable for the 
subsequent Injection and foaming. 

[0228] The molten urethane-based thermoplastic elastomer composition, after being temperature-controlled to have 
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the viscosity suitable for the Injection and foaming, Is sent to the Injector (2) equipped with the Injectjon plunger (11), 
connected via the on-off valve (10), during the Initial stage of the foaming controlling step. The molten urethane-based 
thermoplastic elastomer composition is metered by the retreat of the Injection plunger (11 ), while the on-off valve (1 0) 
is open to allow the molten urethane-based thermoplastic elastomer composition to flow into the Injector (2). 

5 [0229] The common moider, whether It Is of In-line screw type or plunger type, loses back pressure Immediately after 
the metering is completed. However, It is necessary for the moider for the present Invention to be designed In such a 
way to continue to control the pressure in the system with keeping a back pressure in the injector (2) until the injection 
Is completed afterthe metering, to prevent the molten urethane-based thermoplastic elastomer composition from being 
separated Into the foam and therm opiasstic elastomer composition, and to prevent the molten urethane-based ther- 

10 moplastic elastomer composition from being foamed. 

[0230] The bacl< pressure level may be kept at minimum presssure prevents the molten urethane-based thermo- 
plastic elastomer composition being separated Into the foaming agent and urethane-based thermoplastic elastomer^ 
and the molten urethane-based themnoplastic elastomer composition from being foamed. However, it is preferably kept 
at not less than the critical pressure of the carton oxide. It Is necessary to keep the pressure to prevent the molten 

IS urethane-based thermoplastic elastomer composition being separated into the urethane-based thermoplastic elas- 
tomer and gas until a series of the gas dissolving step, the cooling step and the metering step In the foaming controlling 
step are completed. 

[02311 After completion of the metering In the foaming controlling step, the on-off valve (10) is switched closed, and 
the molten urethane-based thermoplastic elastomer composition is injected into the mold (3) by the Injection plunger 

20 (11). The procedure of sucking back the injection plunger (11) after completion of the metering but before start of the 
Injection to accelerate generation of the cell nuclei by slightly reducing the Injector (2) pressure Is also suitably used. 
[0232] The mold (3) before injection Is filled with a high-pressure gas at a given pressure charged from the gas 
cylinder (18) the metering pump (5) via the pressure regulator (19). For example, when nitrogen Is used as the high 
pressure gas, It is preferably kept at not less than the critical pressure of carbon dioxide used as the foaming agent. 

25 [0233] The molten urethane-based thermoplastic elastomer composition can be charged in the mold (3) without 
being foamed to have good surface appearances, when the mold (3) Is filled with the high-pressure gas beforehand. 
[0234] • In the foaming controlling step, the molten urethane-based thermoplastic elastomer composition^ being 
fomned In the compatible state of the urethane-based thermoplastic elastomer and carbon dioxide. Is Injected Into the 
mold (3) filled with the high-pressure gas. After the injection is completed, pressure In the mold (3) Is rapidly reduced 

30 by rapidly releasing the high-pressure gas charged In the mold. This makes the Impregnated gas in the urethane-based 
thennoplastic elastomer supersaturated, to generate a number of the cell nuclei therein, 

[0235] As another suitable method for rapidly reducing pressure In the mold (3), after the molten urethane-based 
thennoplastic elastomer composition being fomned In the compatible state of the urethane-based thermoplastic elas- 
tomer and carbon dioxide Is Injected Into the mold (3), partly or totally the core is moved backwards, thereby capacity 
35 In the moid (3) is rapidly increased to rapidly reduce pressure In the mold (3). It is desired that the reduced amount of 
pressure Is preferably In a range of 7.4 to 30 MPa, more preferably 7.4 to 25 MPa. " 

[0236] The expansion ratio can be adequately controlled by the temperature or pressure In the mold (3). or retreat 
of the core In the mold (3), to obtain the urethane-based thermoplastic elastomer composition foam of desired expansion 

ratio. 

40 [0237] These methods for controlling foaming while reducing pressure in the mold can bring the sufficient foaming 
controlling effect, even when applied Individually, and there Is no problem when they are used together. 
[0238] The method for producing the urethane-based thennoplastic elastomer composition foam by Injection molding 
in the invention allows to Incorporate a given quantity of carbon dioxide as the foaming agent in the molten urethane- 
based thermoplastic elastomer composition constantly and stably. Therefore, the molten urethane-based thennoplastic 

45 elastomercomposltloninthe resin plastlclzing cylinder (1), added andwell kneaded with carbon dioxide, can be injected 
by the Injector (2) tor molding after metered, while being constantly exposed to a back pressure. As a result, It can 
easily fonn the molten urethane-based thermoplastic elastomer composition in the compatible state and easily keep 
the compatible step of the molten .urethane-based thermoplastic elastomer composition, to give the urethane-thermo- 
plastic elastomer composition having good surface appearances being a product from a low foamed product to a high 

50 foamed product with stable quality. 

[0239] It is preferable to use the production system adopting the same conditions as those of the production method 
described earlier, in order to produce the urethane-based thennoplastic elastomer composition foam of the present 
Invention. 

55 <Exampies of the method of producing the laminates ot the urethane-based thennoplastic elastomer foam> 

[0240] In the present Invention, It Is possible to produce the laminate of the foamed urethane-based thermoplastic 
elastomer (the urethane-based thermoplastic elastomer foam) in which the urethane-based thermoplastte elastomer 
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is laminated with a thermoplastic resin structure. 

[0241] In this specification, the thernnoplastic resin structures means all types of molded articles, Including foamed 
anicles. fiber- reinforced foamed articles, laminates of long fibers, non-foamed injection-molded articles and non- 
foamed extruded articles, produced by known resin molding processes, e.g.. Injection molding, extrusion molding, blow 
5 molding, press molding, rotational molding and Injection -compress Ion molding. 

[0242] One of the examples of producing the urethane-based thermoplastic elastomer foam will be described below. 
[0243] The mold (3) is opened before injecting molten urethane-based themrioplastic elastomer composition into the 
mold (3), to set the thermoplastic resin structure in the cavity in the mold (3). Then, after setting, the mold (3) Is closed, 
and optionally filled with a high-pressure gas. Then, the thennoplastic resin structure is laminated with the urethane- 

10 based thermoplastic elastomer foam, to produce the laminate of the urethane-based thermoplastic elastomer foam by 
the method tor producing the urethane-based themrioplastic elastomer foam of the invention described earlier. 
[0244] Other than the method for setting the thernnoplastic resin structure In the cavity In the mold (3) following the 
open-close procedure of the mold, It is preferably used for the method that the themrioplastic resin structure Is formed 
In the mold (3) by a double injection molder or the like, and the thermoplastic resin structure Is laminated with the 

IS urethane-based thennoplastic elastomer foam by the method for producing the urethane-based thennoplastic elas- 
tomer foam of the Invention, to produce the laminate of the urethane-based thennoplastic elastomer foam. 
[02451 One embodiment involving extmslon molding will be described by referring to the figures. Referring to FIG. 
6, (4) is a liquefied cartoon dioxide cylinder, (5) is a metering pump, (6) is a refrigerant circulator, (7) is a pressure 
regulator, (8) is a heater, (9) is a flow meter, (21 ) is the first extruder, (22) is the second extruder, (23) is a connection. 

20 (24) is a die. (25) is a foam, (26) Is a hopper, (27) is a screw, and (28) Is a cooler. 

[0246] The urethane-based thennoplastic elastomer Is charged In the first extruder (21). which serves as the Inlet- 
side for the continuous plasticator and which is equipped with the line for adding the foaming agent to the molten 
urethane-based thennoplastic elastomer, and the urethane-based thermoplastic elastomer is incorporated with carbon 
dioxide, while being molten under heating, to form the molten urethane-based thermoplastic elastomer composition In 

•25 - the molten state of urethane-based thermoplastic elastomer and foaming agent. 

[0247] There is the method for adding the foaming agent to the molten urethane-based thermoplastic elastomer In 
the continuous plasticator, such as the method of injecting gaseous carbon dioxide directly or after being pressurized, 
the method of adding liquefied carbon dioxide by a plunger pump or the like. One of the methods suitably used Is that 
carbon dioxide is charged In the metering pump (5) from the liquefied carbon dioxide cylinder (4) or the like, while being 

30 kept In the liquid state, discharged from the pump (5) after being pressurized in a constant pressure of the critical 
pressure of carbon dioxide (7.4 M Pa) to 40 Wipa while controlled by the pressure regulator (7^, and heated to the critical 
temperature of carbon dioxide (31 °C) or higher, to fonn the supercritical carbon dioxide, and then It is added to the 
molten urethane-based thermoplastic elastomer. 

[0246] The molten urethane-based thermoplastic elastomer composition is then transferred to the second extruder 
35 (22) serving as the outlet-side for the continuous plasticator, and the temperature Is slowly lowered to the optimum 
temperature level for foaming, and at this time, the conditions of pressure and temperature at the front end of the 
second extruder (22) is preferably under supercritical conditions at not less than critteal pressure of carbon dioxide 
and not less than critical temperature of carbon dioxide. 

[0249] An adaptor having a mixing zone Is preferably attached at the connection (23) between the first extruder (21 ) 
40 and second extmder (22). It further accelerates a mixing ot the molten urethane-based thermoplastic elastomer and 
carbon dioxide, facilitates to foam the compatible state of the molten urethane-based thennoplastic elastomer and 
carbon dioxide, and to cool the molten urethane-based thermoplastic elastomer composition to have a viscosity suitable 
for the subsequent foaming by controlling the temperature by the adapter. 

[0250] The kinds of adapter having a mixing zone is not limited. It is, however, preferably to use the adapter equipped 
45 with a built-in static mixer which can knead and cool the molten urethane-based thennoplastic elastomer composition. 
[0251] However. It Isnot needed to use the tandem type foaming extruder system which Includes the second extruder 
(22) for the continuous plasticator, but to use a single extruder system when in the first extruder (21 ), the compatible 
state of the molten urethane-based thermoplastic elastomer composition can be sufficiently formed, and said molten 
urethane-based thermoplastic elastomer composition can bB cooled to the optimum foaming temperature level. 
50 [0252] Then, the molten urethane-based thermoplastic elastomer composition controlled at the optimum foaming 
temperature Is transferred to the die (24) connected to the continuous plasticator at Its front end, and pressure Is 
reduced to start foaming. ^r^- 

[0253] In the method for producing the laminate of the urethane-based thennoplastic elastomer composition foam 
by extrusion molding of the Invention, the urethane-based thermoplastic elastomer is molten under heating, incorpo- 
55 rated and unifomnly mixed with carbon dioxide in the first extruder (21) serving as the inlet-side for the continuous 
plasticator, at the dissolving step which forms the compatible state of the urethane-based thermoplastic elastomer and 
carbon dioxide. In the cooling step, the molten urethane-based thermoplastic elastomer composition is cooled to have 
a viscosity suitable for foaming at the outlet side of the continuous plasticator. 
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[0254] In the foaming controlling step, In the die (24) where the nnolten urethane-based thermoplastic elastomer 
composition Is located, the pressure Is reduced to not more than the critical pressure of carbon dioxide. This makes 
carbon dioxide supersaturated, to generate a number of the cell nuclei In tiie molten urethane-based thenrjopiastic 
elastomer composition being supersaturated. Then, the foam (25) Is rapidly cooled to not more than the crystallization 
s temperature of the urethane-based thennoplastlc elastomer, and the growth of the cells generated is controlled to 
control the desired expansion ratio. 

[0255] Of these steps, at least the gas dissolving step and cooling step can be carried out in accordance with the 

following methods disclosed claims and examples of Japanese Patent Lald-Open No. 8-11190. 

[0256] Referring to FIG. 6, the urethane-based themiopiastic elastomer is charged via the hopper (26) in the first 

10 extruder (21) serving as the inlet-side forthe continuous plasticator, where the urethane-based thennopiastic elastomer 
is molten at not less than plastlclzing temperature of the urethane-based thermoplastic elastomer, generally at 100*C 
or higher, preferably 110*C or higher, more preferably 150 to 240**C, particularly preferably 160 to 230**C. Carbon 
dioxide in the liquefied carbon dioxide cylinder (4) is charged in the metering pump (5) to be pressurizad, and the 
carbon dioxide whose pressure is controlled is added In the molten urethane-based thennopiastic elastomer In the first 

IS extruder (21). 

[0257] In the Inside of the system, it is preferably to keep at not less than critical pressure of cartoon dioxide and not 
less than critical temperature carbon dioxide, because the carbon dioxide added In the first extnjder (21 ) allows to 
greatly increase solubility dlffusivity to the molten urethane-based thermoplastic elastomer to enable the carbon dioxide 
to quickly penetrate into the urethane-based thennopiastic elastomer 
20 [0258] Carbon dioxide to be charged In the first extruder (21 ) may be added after the supercritical conditions following 
a heat up and a pressurizing. 

[0259] The molten urethane-based thermoplastic elastomer and cartoon dioxide are kneaded by the screw (27) In 
the first extruder (21 ), to fomi compatible state of the urethane-based thennopiastic elastomer and cartson dioxide.. 
[0260] After the compatlblllzatlon, the molten urethane-based thennopiastic elastomer composition is cooled in the 

25 cooling step, while the temperature is controlled at the front end of the second extmder (22) serving as the outlet-side 
for the continuous plasticator, to a temperature of at not less than the plastlcizing temperature of the molten urethane- 
based thermoplastic elastomer composition, not more than the temperature of SO'^C higher than the plastlcizing tem- 
perature of the molten urethane-based thermoplastic elastomer composition, and not more than the melting temper- 
ature in the gas dissolving step. The temperature is In a range of 50 to 230*'C, preferably 80 to 220*^C, and at not less 

so than the plastlcizing temperature of the molten urethane-based thennopiastic elastomer composition, to be adjusted 
to have the viscosity suitable for the subsequent foaming. 

[0261 ] One embodiment of the method for producing foam sheets by the method for producing the urethane-based 
thennoplstic elastomer composition foam of the invention is described in detail by referring to the figures. In this em- 
bodiment, the example of using a circular die is described; however, a T-dle, such as coat hanger die or fish-tall die 
35 also can be employed. 

[0262] Referring to FIG. 7, (4) is a liquefied carbon dioxide cylinder, (5) Is a metering pump, (6) Is a refrigerant 
circulator, (7) is a pressure regulator, (8) is a heater, (9) is a flow meter. (21) is the first extruder, (22) is the second 
extruder. (23) is a connection. (26) is a hopper, (27) Is a screw. (29) Is a circular die. (30) is a foamed sheet, and (31 ) 
is a water-cooled mandrel. 

40 [0263] Referring to FIG. 7, in the gas dissolving step, 100 parts by weight of the urethane-based thennopiastic elas- 
tomer composition is charged via the hopper (26) in the first extruder (21) sen/Ing as the inlet-side for the continuous 
plasticator and molten under heating. Carbon dioxide in the liquefied carbon dioxide cylinder (4) Is charged In the 
metering pump (5), while being temperature-controlled, to be pressurized there, and 0.1 to 20 parts by weight of the 
pressure-controlled carbon dioxide is added to the molten urethane-based thennopiastic elastomer composition in the 

45 first extmder (21) for the gas dissolving step. 

[0264] In the Inside of the system, it Is preferably kept at not less than critical pressure of cartDon dioxide and not 
less than critical temperature of cartDon dioxide, to make possible that the cartDon dioxide added in the first extrude 
(21) allows to greatly Increase solubility dlffusivity to the molten urethane-based thermoplastic elastomer to enable the 
carbon dioxide to quickly penetrate into the urethane-based thennopiastic elastomer 

50 [0265] Carbon dioxide has the critical pressure of 7.4 MPa and critical temperature of 31 °C. The first extruder (21 ) 
Inside is kept at pressure In the range of 7.4 to 40 M Pa, preferably 1 0 to 30 M Pa, and at temperature In the range of 
generally lOO'^C or higher, preferably IIC^C or higher, more preferably 150 to-SOO^'C. partlcutariy preferably 160 to 
280»C, and the upper limit of temperature is desirably 230''C or lower. 

[0266) Carbon dioxide to be added to the molten urethane-based thennopiastic elastomer In the first exturder (21) 
55 may be added after the supercritical conditions following a heat-up and pressurizing. 

[0267] The molten urethane-based thennopiastic elastomer and cartoon dioxide are kneaded by the screw (27) in 
the first extnjder (21 ), to form the compatible state of the urethane-based thennopiastic elastomer and cartDon dioxide. 
[0268] After the compatibllizatlon, the molten urethane-based thennopiastic elastomer composition is transfen-ed to 
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tha second extruder (22) serving as the outlet-side for the continuous plastlcator to cool In a suitable temperature for 
foaming In the cooling step, in order to Increase solubility of carbon dioxide In the urethane-based thermopiastic elas- 
tomer. 

[0269] The temperature Is In a range of 1 1 0 to 230^*0, preferably 1 30 to 220^C, and control to cool not less than the 
plastlctzing temperature of the molten urethane-based themioplastic elastomer composition, to be adjusted to have 
the viscosity suitable for the subsequent foaming. 

[0270] The cooling step using the second extruder (22) is the step to reasonably approach the temperature condition 
suitable tor foaming. Sufficiently cooling In this step facilitates continuous, stable production of the urethane-based 
thermoplastic elastomer foam. However, the second extruder (22) serving as the outlet-side for the plastlcator may not 
be needed to connect, and the foam can be produced with a single extruder, when the apparatus, by which the first 
extruder(21)asthecontlnuousplsticator alone can sufficiently cool the molten urethane-based themnoplastic elastomer 
composition to the temperature level suitable for foaming, is employed. 

[0271 1 It is more preferable to connect a kneading device, such as static mixer, to the connection (23) between the 
first extruder.(21) and second extruder (22), to Improve the solubility of carbon dioxide In the molten urethane-based 
thermoplastic elastomer composition. 

[0272] In the subsequent foaming controlling step, the molten urethane-based themnoplastic elastomer composition 
is transferred to the circular die (29), which is set at the optimum foaming temperature and connected to the outlet- 
side for the continuous plastlcator, and the foaming Is started. Carbon dioxide Is made supersaturated by reducing a 
pressure at the circular die (29) outlet under controlled conditions. 

[0273] The molten urethane-based thermoplastic elastomer composition supersaturated with carbon dioxide, being 
thermally unstable, generates a number of the cells. It Is known that glass transition temperature of a gas-contain Ing 
resin generally decreases In proportion to gas-contalning content, and the temperature Inside the circular die (29) Is 
preferably at not less than the glass transition temperature of the molten urethane-based thermoplastic elastomer 
composition, 

[0274] The molten urethane-based thermoplastic elastomer composition, after starting foaming, is discharged from 
the circular die (29) outlet. 

[0275] The molten urethane-based themioplastic elastomer composition discharged from the circular die (29) starts 
foaming at the same time of discharging. The resultant foam Is put over the water-cooled mandrel (31 ) provided In 
front of the circular die (29) to be fomned Into a cylindrical shape, and the foam formed in a cylindrical shape Is run 
over the water-cooled mandrel (31) while cooling, and then cut by a cutter blade Into the foamed sheet (30) of the 
urethane-based thermoplastic elastomer. 

[0276] In the present invention, It Is necessary to prevent molten the urethane-based thermoplastic elastomer com- 
position from separating into the urethane-based themioplastic elastomer and carbon dioxide until the gas dissolving 
step and cooling step are completed. For this, the pressure is preferably kept at not less than critical pressure of carbon 
dioxide. 

[0277] In the method for producing the urethane-based themioplastic elastomer composftlon foam by the extrusion 
molding of the invention, the molten urethane-based thermoplastfc elastomer composition is incorporated with carbon 
dioxide In thefirst extruder (21 ) serving as the inlet-side forthe continuous plastlcator, well kneaded, and the compatible 
state between urethane-based thermoplastic elastomer composition and carbon dioxide Is fomned. After that, a tem- 
perature at the outlet-side tor the continuous palstlcator of the molten urethane-based thennoplastic elastomer com- 
position Is lowered, and foaming Is started by lowering a pressure, and the expansion ratio is controlled by the cooler 
(28), to continuously pnDduce the unethane-based thermoplastic elastomer composition foam of stable quality over a 
wkle range of foam of from low ratio of around 1 to 4. to high ratio of around 4 to 50. 

[0278] In order to produce the urethane-based themnoplastic elastomer composition foam, it is recommended to use 
the production apparatus which operates under the same conditions as those adopted by the production method of 
the present Invention described earlier 

[0279] In case of adopting the injection molding. It Is possible to foam the urethane-based thermoplastic elastomer 
(A-1 ) by Itself. When the urethane-based themioplastic elastomer (A-1 ) Is mixed with the other thermoplastic elastomer 
(A-2), the ratio ((A-1) / (A-2)) can be voluntarily sat in accordance with specific applications and purposes. 

[Applications of the urethane-based themioplastic elastomer composition foam] 

[0280] The urethane-based thermoplastic elastomer composition foam produced by the method for producing the 
urethane-based themnoplastic elastomer composition foam of the present Invention is not limited in production shape, 
and it can be applied for a variety of molded product. 

[0281 J The applications of the urethane-based thennopiastic elastomer composition foam include instrument panel 
faces, door faces, linings for the instrument panel face and door face, door trims, pillars, console boxes, steering 
wheels, gear levers, air boxes, dashboards, replaceable seats, deaf garnishes, curl top garnishes, celling materials, 
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weather strip sponges and the like; 

vehicle parts, such as trunk room linings, engine room linings, bumpers, fenders, hood faces, side shields and 
cushions and the like; 

two-wheel vehicle parts, such as handlebars, helmet linings, seats and racing suit faces; 
5 parts and products for OA devices, such as cases for: mice, key boards, OA housings, headphones, calculators, 

telephone receivers, PHS or cellular phones: mouse pads, and desk mats and the like; 

. and miscellaneous goods, such as packing materials for recording medium disks (e.g., for MO's, CD-ROM's. 
DVD's and the like), system pocketbooks, wallets, notebooks, flies, bags, toilet seats, pencils, ball-point pens, fountain 
pens, carpets, Japanese sandals, wooden clogs, slippers, kitchen knives and scissors grips, shoe soles, shoes, such 
10 as sandals, and the like; 

electric device parts, such as wire coatings, connectors, caps, plugs and the like; 

civil engineering materials, such as water-stopping plates, sealing sponges, ski mats, sou nd-tnsu latin g walls and 
the like; 

leisure goods, such as golf club grips, golf balls, baseball bat grips, tennis racket grips, swimming fins, goggles 
IS and the like; and 

miscellaneous goods, such as sanitary products (e.g., paper diapers), porous film sheets, synthetic leather, ag- 
ricultural films, vibration damping and sound Insulating sheets, gaskets, wateiproof cloth, garden hoses, belts and the 
like; industrial packings and the like. 

20 Examples 

[0282] The present invention will be described by Examples, which by no means limit the present invention. 
(Property evaluation methods) 

25 

[0263] The properties in Examples and Comparative Examples were evaluated by the following methods. 

1) Surface appearances 

30 [0264] The foamed sheet surface was visually obsen^ed. and evaluated by the following standards. A: the surface 
of the foam Is even and uniform, B: the surface of the foam shows roughened celis due to breaking of the foams, and 
C: the surface shows notable defects, such as blisters. The foam was passed, when marked with "A." 

2) Expansion ratio 

35 

[0265] The urethane-based themnopiastic elastomerfoam sheet or foam was continuously prepared, and the 3 sam- 
ples were collected at Intervals of 1 0 minutes. Each sample was cut into the test piece, 30mm x 30 mm In area, and 
measured tor Its density by an electronic density meter. The ratio of the densities of the 3 pieces to the density of the 
urethane-based thennoplastic elastomer:as the starling material was defined as the expansion ratio, where the value 
40 was rounded off to two decimal places. 

3) Flexibility 

[0266] Flexibility of each sample was evaluated by the following standards, A: the sample is soft and tike rubber 
45 sponge to the touch, C: the sample is hard like a non-foamed resin, and the three grades A", B and B" In-between A 
and C by extent. The sample was passed, when marked with "A" or "A-." 

4) Heat resistance 

50 [0287] The temperature at whteh the sample lost its weight by 5% was measured by TG-DTA. The heat resistance 
was evaluated by the following standards. A: the temperature Is 280'*G or higher, B: the temperature Is not less than 
260''C and less than 280**C, and C: the temperature is less than 260''C. The sample was passed, when marked with 

"A" or "B." 

ss 5) Average cell diameter 

[0266] The urethane-based thermoplastic elastomer foamed sheet or foam was continuously prepared, and the 3 
samples were collected at intervals of 1 0 minutes. The cross sections of these 3 samples were photographed by a 
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scanning electron microscope. 

[0269] Each photograph of each cross section was image-processed, and the cells In the 500 lun square area were 
measured for the circle-equivalent diameter, to find the average circle-equivalent diameter. The average value of di- 
ameters of the 3 samples was defined as the average cell diameter. 

5 

6) Cell uniformity 

[0290] Cell unlfomnlty was evaluated for each of the 3 samples by the largest circle-equivalent diameters In the 500 
pjn square area In the photographs of cross sections of foam sheet photograhed by the scanning electron microgram. 

10 The evaluation standards are A: the largest circle-equivalent diameter is 1 .5 times or less of the average circle-equiv- 
alent diameter, and the average circle-equivalent diameter of the 3 samples is 2/3 to 1 .5 times of the average cell 
diameter, B: the largest circle-equivalent diameter is 2 times or less of the average circle circle-equivalent diameter, 
and the average circle-equivalent diameter of the 3 samples is 1/2 to 2 times of the average cell diameter, and C: the 
largest circle-equivalent diameter and the average equivalent diameter of the 3 samples exceed those marked with 

IS "B." The sample was passed, when marked with "A" or "B." 

7) Stability of quality 

[0291 ] Stability of quality was evaluated with respect to the surface appearances and cell uniformity according to the 
20 following standards, A: both surface appearances and cell unlfonmlty are given "A," B: both surface appearances and 
cell uniformity are given "B" or higher, and C: none of the above. Stability of quality was also evaluated by the following 
standards, A: roughened cells are not observed, B: roughened ceils are observed very slightly, and C: roughened cells 
are observed slightly. 

25 B) Elongation set 

[0292] The elongation set was detennined in accordance with JIS K-6301-3, where the sample was held at an elon- 
gation of 200% for 10 minutes, and the elongation observed 10 minutes after the load was removed was defined as 
the elongation set. The elongation set should be 50% or less, preferably 0.5 to 40%, more preferably 0.5 to 30% or less. 

30 

9} Gel content (chlorofomD-lnsoiubies) 

[0293] The sample of the urethane-based themrioplastic elastomer foamed composition was cut into the pieces, 0.5 
mm X 0.5 mm x 0.5 mm In size. 500 mg of the piece sample was wrapped by a 300-mesh wire net (100 mm x 1 00 
35 mm), sealed by staples, and weighed again. The sample protected by the wire net was put in a 300 mi fiasl<, to which 
approximately 200 ml of chloroform was added. It was dissolved under heating for approximately 5 hours with stirring 
lightly on a hot plate equipped with a stirrer. The sample-containing net was withdrawn from the flask, and dried for 
approximately 5 hours at 100**C by a vacuum drier. It was cooled to room temperature, and weighed. The gel fraction 
Is determined by the following formula: c- v 

40 

Gel fraction = [weight of the Insoluble TPU/weight of the sample] X 100 

[0294] The gel fraction should be normally 10 to 96 parts by weight, preferably 20 to 98 parts by weight. A smaller 
4S gel fraction means a larger chloroform-soluble quantity, considered to result from the presence of the oligomers and 
low-molecular-weight compounds from the TPU composition, produced by the themial decomposition, which is an 
undesirable phenomenon. 

10} Bulk density 

50 

[0295] The bulk density was detennined by the water displacement method, in accordance with JIS K-7112. 
[Example 1] 

55 [0296] in Example 1 , the apparatus shown In FIG. 1 In this specification was used. The carbon dioxide supply part 
was provided at around the center of the resin piasticlzlng cylinder (1). The urethane-based thermoplastic elastomer 
used was Pellethane 2103-90AEL (Dow Chemical's trade name), which was dried at 110°C for 4 hours. It had a melt 
flow rate of 0.7 g/10 minutes (detemilned in accordance with ASTM D-1238-65T at 190'*C and a load of 2.16 kg), 
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melting temperature of 166*C (detemnlnsd by DSC), crystallization heat of 1 1 .6J/g, and contained 0.095 mmol/g of the 
allophanate group (detemiined by the back titration, based on the amine decomposition method). This elastomer may 
be hereinafter referred to as TPU-1 . 

[0297] The urethane-based themnopiastic elastomer was charged, via the hopper (16), in the resin plastlcizing cyl- 

5 inder (1), where It was molten under heating at 230*C. 

[0298] CartDon dioxide was contained In a Siphon type ilquefledcarbondlDXldecyIinder{4), from Which carbon dioxide 
could be directly taken from the liquid phase. The fine from the liquefied carbon dioxide cylinder (4) to the metering 
pump {plunger pump) (5) was cooled by the refrigerant circulator (6) with an aqueous solution of ethylene glycol kept 
at -12°C, and the system was designed to charge the liquefied carbon dioxide to the plunger pump (5). The plunger 

^0 pump (5) was controlled so that the liquefied carbon dioxide discharged was at 1 part by weight per 1 00 parts by weight 
of the urethane-based thermoplastic elastomer, where the discharge pressure of the plunger pump (5) was controlled 
at 30 IVlPa by the pressure regulator (7). The line was heated by the heater (8) at 50<*C, and the carbon dioxide was 
added in the molten urethane-based thermoplastk; elastomer In the resin plasticizing cylinder (1) from the pressure 
regulator (7) to the carbon dioxide supplying part of the resin plastlcizing cylinder (1 ). The pressure of molten resin at 

IS the supplying part was at 20 MPa. In other words, carbon dioxide was under the supen^rltical conditions, kept at SO^'C 
or higher and 20 MPa, just before It was dissolved In the molten urethane-based thermoplastic elastomer. 
[0299] Thus, the carbon dioxide was added to the completely molten urethane-based thennoplastic elastomer. The 
molten urethane-based thermoplastic elastomer and carbon dioxide were kneaded and dissolved in each other in the 
resin plasticizing cylinder (1 ), and the resultant molten urethane-based thermoplastic elastomer composition was grad- 

20 ually cooled to 1 SO^'C, metered by the injector (2) kept at 1 60*^C and injected into the mold (3) kept at 40'»C . The mold 
(3) Immediately before injection was filled with nitrogen gas under a pressure of 8 Mpa. On completion of the Injection, 
nitrogen gas was released out of the mold (3) In 1 second, and the mold (3) core of cavity measurements of 60 mm x 
60 mm in area and 2 mm In thickness was moved backwards by 2 mm to have the expansion ratio of around 2. As a 
result, the plate, 60 mm x 60 mm x 4 mm in size, as the urethane-based thermoplastic elastomer foam was obtained. 

25 [0300] The evaluation results of the obtained foam are given in Table 1 . It was the foam excellent in flexibility, heat 
resistance and surface appearances. 

[Example 2) 

30 [0301 ] The foam was obtained In the same manner as In Example 1 , except that the urethane-based thennoplastic 
elastomer was replaced by Pellethane 2355-80AE (Dow Chemical's trade name) having a melt flow rate of 2.7 g/10 
minutes (detennined in accordance with ASTM D-1238-65T at 190^0 and a load of 2.16 kg) and crystallization heat 
of 10.8J/g (this elastomer may be hereinafter referred to as TPU-2) was used at 100 parts by weight and liquefied 
carbon. dioxide at 2 parts by weight. 

35 [0302] The evaluation results of the obtained foam are given in Table 1 . It was the foam excellent In flexibility, heat 
resistance and surface appearances. 

[Comparative Examples 1 and 2] 

40 [0303] The foam was obtained for each of Comparative Examples 1 and 2 In the same manner as In Example 1 , 
except that the ratio of the thermoplastic elastomer to carbon dioxide was changed to the one given In Table 1 . 
[0304] The evaluation results of the foam are given in Table 2. TTie foam which the present invention Intends could 
not be produced, because it was not desirable in that It had defective surface appearances and unsatisfactory expansion 
ratio. 

45 

[Comparative Example 3) 

[0305] The toam was obtained in the same manner as in Example 1 , except that carbon dioxide was replaced by 2 
parts by weight of azodicarbon amide as the foaming agent, and the cylinder temperature was changed to 200*'C to 
50 generate the gas by decomposing azodlcarbon amide. 

[0306] The evaluation results of the obtained foam are given in Table 2. The foam which the present Invention Intends 
could not be produced, because It had uneven cell diameters and defective surface appearances. 

[Comparative Example 4] 

55 

[0307] The foam was obtained in the same manner as in Example 2, except that carbon dioxide was replaced by 2 
parts by weight of azodicart>on amide as the foaming agent, and the cylinder temperature was changed to 200*'C to 
generate the gas by decomposing azodicarbon amide. 
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[0308] The evaluation results of the obtained toam are given In Table 2. The foam which the present Invention Intends 
could not be produced, because It had uneven cell dianneters and defective surface appearances. 

[Example 3] 

[0309] The foam was obtained In the same manner as In Example 1 , except that the urethane-based thennoplastic 
elastomer was replaced by Pellethane 2363-80AE (Dow Chemical's trade name) having a melt flow rate of 4.1 g/10 
minutes (determined In accordance with ASTM D-1238-65T at IDO^C and a load of 2.16 kg) and crystallization heat 
of 7.3J/g (this elastomer may be hereinafter referred to as TPU-3), which was used with liquefied carbon dioxide at 3 
parts by weight per the TPU-3. 

[0310] The plate of the urethane-based themioplastic elastomer foam (60 x 60 x 12 mm In size) was obtained In 
the same manner as In Example 1 , except that the core In the mold (3) was moved back by 10 mm and expansion 
ratio was set at around 6. 

[031 1 1 The evaluation results of the obtained foam are given In Table 1 . It was the foam excellent In flexibility, heat 
resistance and surface appearances. 

[Example 4] 

[0312] The foam was obtained in the same manner as In Example 1 , except that the urethane-based themnoplastic 
elastomer was replaced by Pellethane 2102-80A (Dow Chemical's trade name) having a melt flow rate of 1.6 g/10 
minutes (determined In accordance with ASTM D-123B-65T at 190'C and a load of 2.16 kg) and crystallization heat 
of 9.7J/g (this elastomer may be hereinafter referred to as TPU-4), was used at 100 parts by weight and liquefied 
carbon dioxide at 2 parts by weight. 

[0313] The plate of the urethane-based thermoplastic elastomer foam (60 x 60 x 6 mm in size) was obtained In the 
same manner as In Example 1 , except that the core in the mold (3) was moved back by 4 mm and expansion ratio was 
set at around 3. . 

[0314] The evaluation results of the obtained foam are given in Table 1 . It was the foam excellent in flexibility, heat 
resistance and surface appearances. 

[Comparative Example 5] 

[0315] The plate (60 x 60 x 10 mm in size) of the foam was obtained in the same manner as In Example 3. except 
that 3 parts by weight of butane gas was used as the foaming agent. 

[031 6] The evaluation results of the obtained foam are given In Table 2. The foam which the present Invention Intends 
could not be produced, because it had insufficient heat resistance although exhibiting good flexibility. 

[Comparative Example 6] 

[0317] The plate (60 x 60 x 1 0 mm in size) of the toam was obtained In the same manner as in Example 4, except 
that 3 parts by weight of butane gas was used as the foaming agent. 

[0318] The evaluation results of the foam are given In Table 2. The foam which the present Invention Intends could 
not be produced, because It had Insufficient flexibility although exhibiting good heat resistance. 

[Comparative Example 7] 

[0319] The plate (60 X 60 X 1 0 mm in size) of the foam was obtained In the same manner as In Example 2, except 
that 3 parts by weight ot butane gas was used as the foaming agent. 

[0320] The evaluation results of the obtained foam are given In Table 2. The foam which the present Invention Intends 
could not be produced, because it had insufficient flexibility although exhibiting good heat resistance. 

[Examples 5 to 7] 

[0321 ] The foam was obtained In each of Examples 5 to 7 In the same manner as In Example 2, except that the 
urethane-based thermoplastic elastomer was replaced by Pellethane 2103-90AEL and Pellethane 2355-80 AE having 
a melt flow rate of 0.7 and 2.7 g/l 0 minutes, respectively (detemnlned in accordance with ASTM D-.123B-65T at 1 90°C 
and a load of 2.1 6 kg) in a ratio given in Table 1 , which were incorporated with carbon dioxide at 5 parts by weight. 
[0322] The evaluation results of the obtained foam are given in Table 1 . It was the foam excellent In flexibility, heat 
resistance and surface appearances. 
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[Examples 8 to 16] 

[0323] In Examples 8 to 16, the apparatus shown in FIG. 7 In this specification was used. A tandem type extruder 
with the first extruder (21) (screw diameter; 50m m) and the second extmder (22) (screw diameter 65 mm) were used 
5 as the continuous plastlclzlng apparatus, wherein the circular die (29) (outlet gap: 0.5 mm, diameter: 80 mm) was 
connected to the second extruder (22) at the front end, and the water-cooled mandrel (31) (diameter: 20O mm) was 
used as the cooler. The first extruder (21) was rotated at 40 rpm. The thermoplastic resin composition was extruded 
at around 10 kg/hour. 

[03241 The carbon dioxide supply part was set at around the center of the first extruder (21 ). 

10 [0325] The urethane-based thennopiastic elastomer used was TPU-1 , as the same as that of Example 1. TPU-1 
was charged, via the hopper (26), in the first extruder (21), where it was molten under heating at 220*C. 
[0326] CartDon dioxide was contained in a siphon type liquefied carbon dioxide cylinder (4). from which carbon dioxide 
could be directly taken from the liquid phase. The line from the liquefied carbon dioxide cylinder (4) to the plu nger pump 
(5) was cooledby the refrigerant circulator (6) with an aqueous solution of ethylene glycol kept at -1 2*C, and the system 

^5 was designed to charge the liquefied carbon dioxide to the plunger pump (5). The plunger pump (5) was controlled so 
that the liquefied carbon dioxide was at 1 l<g/hour, where the discharge pressure of the plunger pump (5) was controlled 
at 30 MPa by the pressure "regulator (7). Volumetric efficiency of the plunger pump (5) was constant at 65%. The line 
from the pressure regulator (7) to the carbon dioxide supplying part of the first extruder (21 ) was heated by the heater 
(8) at SO^'C. and the carbon dioxide was added in the molten urethane-based thermoplastic elastomer in the first ex- 

20 truder (21). The pressure of molten resin at the supplying part was at 20 MPa. In other words, carbon dioxide was 
under the supercritical conditions, kept at50°C or higher and 20 MPa, Immediately before It was dissolved In the molten 
urethane-based thermoplastic elastomer 

[0327] One part by weight of the supercritical carbon dioxide was added In the first extruder (21), while metering by 
the flow meter (9), per 100 parts by weight of the molten urethane-based thermoplastic elastomer, where they were 

25 uniformly mixed with each other by the screw (27). The resultant molten urethane-based thermoplastic elastomer was 
sent to the second extruder (22), where the resin temperature was adjusted at 200''C. and extruded from the circular 
die (29) at an extruding amount of 10 kg/hour. The die inside was kept at 8 MPa. The urethane-based thennoplastic 
elastomer extruded was foamed at the same time after extruding from the circular die (29), and then was put oveV the 
water-cooled mandrel (31) provided in front of the circular die (29). The urethane-based themaoplstic elastomer foam 

30 formed into a cylindrical shape was run while cooling over the mandrel (31), and developed by a cutter blade Into the 
urethane-based themnoplastic elastomer foamed sheet(30). Obtained the urethane-based thermoplastic elastomer 
foamed sheet was 63 mm wide and 1 .5 mm thick, and had elegant appearances. 

[0328] The evaluation results of the obtained foamed sheet are given In Tables 1 , 3 and 4. It was the foam excellent 
in flexibility, heat resistance and surface appearances. 

35 

[Comparative Example 8] 

[0329] The foam was obtained in the same manner as in Example 8, except that the ratio of the themriop iastic elas- 
tomer to carbon dioxide was set at the ratio given in Table 2. 
40 [0330] The evaluation results of the obtained foam are given in Table 2. The foam which the present Invention Intends 
could not be produced, because It was not desirable In that It had an unsatisfactory expansion ratio, and Insufficient 
flexibility and poor quality stability. 

[Reference Example 1] Example of foaming the TPU sheet by the batch method 

45 

[0331 1 The palletized Pellethane 21 03-90AEL was formed by hot-pressed machine Into the sheet, 1 mm thick and 
100 X 100 mm In size beforehand. The sheet was put in a 300 cc autoclave, to which supercritical carbon dioxide, 
kept at 40*C and pressurized at 15 IS/IP, was added, and then was held in the autoclave for 3 hours, to penetrate the 
carbon dioxide into the polymer. Than, the pressure was released, to prepare the foam. The foamed TPU sheet had 
so a DSC- determined heat of fusion and heat of crystallization on an even level with, or slightly lower than, those of the 
pelletlzedTPU before foaming. 

[0332] It is considered, when the TPU is foamed and molded In an extruder with supercritical carbon dioxide, that 
Its melting point Tm Increases, because of Its tendency to the molecular orientation and to agglomerate the hard seg- 
ments. On the other hand, this effect Is reduced In the batch process, because of foaming to extent ot isotropic direction. 
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Table 1 





Examples 


1 


2 


3 


4 


5 


6 


7 


8 


TPU-1 


100 








70 


50 


30 




TPU-2 




100 






30 


50 


70 


100 


TPU-3 






100 












TPU-4 








100 










Carbon dioxide SCF-CO2 


1 


2 


3 


2 


5 


5 


5 


1 


Azodlcarbonamide ADCA 


_ 


_ 


_ 




. 








Butane gas 




_ 














Surface appearances 


A 


A 


A 


A 


A 


A 


A 


A 


Expansion ratio 


2.0 


3.5 


6.0 


3.0 


12.5 


12.5 


12.5 


2.0 


Rexibilrty 


A- 


A- 


A 


A- 


A- 


A- 


B 


A 


Heat resistance 


A 


A 


A 


A 


A 


A 


A 


A 


Average cell nunaber X iO^/cm^ 


6.0 


7.2 


8.0 


9.5 


12.0 


12.0 


12.0 


6.5 


Average cell diameter (pjn) 


100 


80 


60 


50 


80 


BO 


80 


50 


Cell unlfomitty 


A 


A 


A 


A 


A 


A 


A 


A 


Stability of quality 


A 


A 


A 


A 


A 


A 


A 


A 



TPU-1 iPellethane 2103-90AEL 
TPU-2: Pellethane 2355-BOAE 
TPU-3: Pellethane 2363-BOAE 
TPU-4: Pellethane 2102-80A 



Table 2 





Comparative Examples 


1 


2 


3 


4 


5 


6 


7 


8 


TPU-1 


100 


100 


100 












TPU-2 








100 






100 


100 


TPU'3 










100 








TPU-4 












100 






Carbon dioxide SCF-CO2 


0.05 


35 












0.05 


Azodlcarbonamide ADCA 






2 


2 










Butane gas 










3 


3 


3 




Surface appearances 


A 


C 


B 


B 


A 


A 


A 


A 


Expansion ratio 


1.2 


3.0 


2.0 


2.2 


5.0 


5.0 


5.0 


1.1 


Flexibility 


B- 


B 


B 


B 


A 


B- 


B- 


B- 


Heat resistance 


A 


A 


A 


A 


C 


A 


A 


A 


Average cell number x 1 0^/cm^ 


0.3 


0.2 


0.15 


0.15 


0.2 


0.2 


0.2 


0.25 


Average cell diameter (pin) 


200 


500 


300 


300 


500 


500 


500 


150 


Cell unlfonnlty 


C 


C 


0 


C 


B 


A- 


A- 


B 



29 




EP 1 266 928 A1 



Table 2 (continued) 





Comparative Examples 


1 


2 


3 


4 


5 


6 


7 


8 


Stability of quality 


A 


C 


C 


C 


B 


A- 


A- 


B 


TPU-1 :PellGthane 21 03-90AE 
TPU-2:Pellethane 2355-80AE 
TPU-3:Pellethane 2363-BOAE 
TPU-4:Pellethane 2102-80A 


:L 



Table 3 





Examples 


9 


10 


11 


12 


13 


14 


15 


16 


TDI 1 i 

1 rU- 1 


100 


100 


100 


100 


80 


80 


75 


90 


MAH-modlfled PP 










20 


20 


25 


10 


Additive- 1 


0.02 


0.02 


0.02 


0.02 


0.02 


0.02 


0,02 


0.02 


Carbon dioxide SCP-COg 


1 


1 


1 


1 


2 


3 


0.5 


0.5 


Foaming nucleating agent 




0.1 


0.3 


0.5 


0.5 


0.5 






Chemical foaming agent ADCA 














0.5 


0.5 


Surface appearances, including evaluation of cell 
roughness 


A 


A 


A 


A 


A 


A- 


B 


B 


Expansion ratio 


2.0 


2.5 


2.7 


2.8 


2.9 


3,0 


1.B 


1,7 


Flexibility 


A- 


A- 


A 


A 


A- 


A- 


B 


B 


Heatreslstance 


A 


A 


A 


A 


A 


A 


A- 


A- 


Average cell number x 1 0^/cm^ 


5.1 


7.5 


8.0 


13.0 


9.5 


11.0 


3.5 


2.0 


Average cell diameter (pjn) 


90 


80 


60 


50 


80 


70 


150 


180 


Cell uniformity 


A 


A 


A 


A 


A 


A- 


C 


C 


Bulk density (g/cm^) 


0.56 


0.45 


0.42 


0.39 


0.38 


0.38 


0.63 


0.67 


Stability of quality 


A 


A 


A 


A 


A 


A 


A- 


A- 


TPU-1 : Pellethane 2103-90AEL 

MAH-modlfied PP : Polypropylene modified with maleic anhydride (Admer GF551 ; Mitsui Chemicals, inc.) 
Additive- 1 : Lubricant; Ethylene bisstearyl amide (EBA) 

Foaming nucleating agent; Sodium bicarbonate/citric acid (Hydrocerol; Nippon Boehrlnger Ingelhelm Co., Ltd.) 
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Table 4 





Examples 


9 


10 


11 


12 


13 


14 


15 


16 


Production conditions Resin melting 
temperature T1 


235 


235 


235 


235 


235 


230 


230 


230 


Resin melting temperature T2 


210 


210 


210 


210 


200 


200 


200 


200 


Resin melting temperature T3 


200 


190 


180 


175 


175 


180 


180 


180 


Surface appearances, Including evaluation of 
cell roughness 


A 


A 


A 


A 


A 


A 


B 


B 
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Table 4 (continued) 



20 





Examples 


9 


10 


11 


12 


13 


14 


15 


16 


Elongation set % A1 


24 


25 


33 


23 


^ 22 


25 


27 


30 


IHeat of crystaliization J/g 


7.4 


B.5 


11.0 


12.5 


8.3 


8.4 


7.5 


6.9 


ATm ^'C A2 


15 


20 


17 


15 


10 


13 


8 


9 


Td 5% «»C A3 


284 


290 


295 


296 


294 


286 


270 


260 


Cjiloroformlnsolubles A4 


97 


96 


95 


94 


95 


93 


93 


92 


Allophanate group A5 (mmol/g) 


0.03 


0.03 


0.03 


0.07 


0.10 


0.07 


0.05 
5 


0.04 

0 


MFRA6 G/10mjn, igO'-C 


1.60 


2.03 


8.88 


5.59 


10.0 


11.2 


9.'l 


9.7 


T1 : Temperature for the gas dissolving step in the extruder 
T2: Temperature for the cooling step in the extruder 
T3: Temperature of resin at die outlet 

A1 : Determined in accordance with JiS K-6301 -3 at an elongation ratio of 200% 

A2: Difference between melting point (Tml) of the foam and melting point (TmS) of the composition not foamed, 
determined by DSC 

A3: Temperatureatwhichweightdecreasedby 5%, detemilnedbyTG-DTA 

A4: Gel fraction (chlorofomn-insolubles), detemiined by the in-house MTCI method 

A5: Determined by the amine decomposition method 

A6: Detennined in accordance with JIS K-721 0 with the foam test piece cut to 0.3 mm or less 



Industrial Applicability 



[0333] As discussed above, the present invention can produce the urethane-based thermoplastic elastomer foam 
of stable quality over a range from low foamed product to highly foamed product by adding a given quantity of carbon 
dioxide in the molten urethane-based themnoplastic elastomer quantitatively and stably. It can also produce the foam 
excellent In flexibiilty, thermal Insulation and surface appearances. It Is also excellent in safety, because of use of 
carboji dioxide In place of the common foaming agent of fluorochlorohydrocarbon or butane, thus causing no air pol- 
lution or destruction of the ozone layer. 



Claims 

40 

1. A urethane-based thermoplastic elastomer composition foam comprising themnoplastic polyurethane resin-con- 
taining composition containing a themnoplastic polyurethane resin at 20% by weight or more, wherein the tonn has 

an average cell diameter of 0.1 to 1 ,000 pm, 
an average cell number of 10^ to 1 C^/cm^, 
an elongation set of 1 to 100%, and 
a bull< density of 0.03 to 1.10 g/cm^. 

. The urethane-based themnoplastic elastomer composition foam as claimed In claim 1 , wherein a melting point of 
the urethane-based themnoplastic elastomer composition foam {J^^) and the non-foamed resin (T^^g) satisfy the 
following fonmula (1): 

-T^g^S^C (1). 

55 

3. The urethane-based thennoplastic elastomer composition foam as claimed in claim 1 or 2, wherein a chloroform- 
insolubles is contained at 1 0% by weight or more in the urethane-based thermoplastic elastomer composition foam. 



45 
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31 
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4. The urethans-basod thermoplastic elastomer composrtlon foam as claimed In any one of claims 1 to 3, wherein a 
residue after chloroform extraction of the urethane-based thermoplastic elastomer composition foam is at 20% by 
weight or more, and a temperature In losing 5 % by weight of the residue after chloroform extraction is 180*C or 
higher. 

5 

5. A method for producing a urethane-based themioplastic elastomer composition foam comprising the steps of: 

adding and mixing 0.1 to 30 parts by weight of carbon dioxide (B) to 1 00 parts by weight of a urethane-based 
thennoplastlc elastomer composition (A) In a molten state, wherein said urethane-based thermoplastic elas- 
tomer composition (A) comprises a urethane-based thermoplastic elastomer (A-1) and other thermoplastic 
elastomer (A-2) In an (A-1)/(A-2) ratio of 20/80 to 99/1 by weight, to form a molten urethane-based thermo- 
plastic elastomer composition (C) which is in a state of a mixture of the urethane-based th emnoplastic elastomer 
composition (A) and the carbon dioxide (B) (gas dissolving step); and 

lowering a temperature of said molten urethane-based themnopiastic elastomer composition (C) (cooling step). 



15 



6. A method for producing a urethane-based thennoplastlc elastomer composition foam comprising the steps of: 



adding and mixing 0.1 to 30 parts by weight of carbon dioxide (B) to 1 00 parts by weight of a urethane-based 
themnopiastic elastomer composition (A) in a moiten state to form a molten urethane-based thermoplastic 
elastomer composition (C) which Is in a state of a mixture of the urethane-based thermoplastic elastomer 
composition (A) and the carbon dioxide (B) (gas dissolving step); and 

charging ortransferring the molten urethane-based thermoplastic elastomer composition (C), which is obtained 
through the step of lowering a temperature of the molten urethane-based themnopiastic elastomer composition 
(C) (cooling step) In or to a space controlled at a lower pressure than that of In the cooling step to produce 
cell nuclei in the moiten urethane-based thermoplastic elastomer composition (C), and then foaming while 
controlling an expansion ratio (foaming controlling step). 

7. The method for producing a urethane-based themnopiastic elastomer composition foam as claimed In claim 5 or 6, 

wherein said urethane-based thermoplastic elastomer composition (A) has a melt flow rate (detennined in 
30 accordance with ASTM D-1238-65T) of 0.5 to 50 g/1 Ominutes. 

8. The method for producing a urethane-based themnopiastic elastomer composition foam as claimed in any one of 
claims 5 to 7, wherein said urethane-based themnopiastic elastomer composition (A) comprises the urethane- 
based themnopiastic elastomer . (A-1) and the other thermoplastic elastomer (A-2) having a melt flow rate (deter- 

35 mined in accordance with ASTM D-1 238-85T) of 0.01 g/1 0 minutes or more and less than 60 g/1 Ominutes, 

said other themioplastic elastomer (A-2) being contained in 5 to 60 parts by weight per 1 00 parts by weight 
of said urethane-based thermoplastic elastomer composition (A). 

9. The method tor producing a urethane-based themnopiastic elastomer composition foam as claimed In any one of 
40 claims 5 to 8, wherein a temperature of said moiten urethane-based themnopiastic elastomer composition in the 

gas dissolving step is In the range of 1 00 to 240*'C and a temperature of said molten urethane-based thennoplastlc 
elastomer composition In the cooling step Is 10 to 1 00**C lower than that In the gas dissolving step. 

10. The method for producing a urethane-based themnopiastic elastomer composition foam as claimed In any one of 
<s claims 5 to 9, wherein an amount of the carbon dioxide (B) added Is In the range of 0.1 to 20 parts by weight per 

100 parts by weight of said urethane-based thermoplastic elastomer composition (A). 

11. The method for producing a urethane-based thermoplastic elastomer composition foam as claimed in any one of 
claims 5 to 10, 

Vifherein said carbon dioxide (B) is a supercritical carbon dioxide (B-1). 

12. The method for producing a urethane-based themnopiastic elastomer composition foam as claimed In any one of 
claims 5 to 11 , wherein a method for adding carbon dioxide In the gas dissolving step Is the one that carbon dioxide 
in a liquified form is added to a pump to charge while keeping In a liquified fomn, 

and under the charging pressure of carbon dioxide by the pump being kept in a constant pressure of critical 
pressure of carbon dioxide (7.4 MPa) to 40 IVlpa, the carbon dioxide is charged by the pump, and the carbon dioxide 
charged from the pump Is heated to a critical temperature of carbon dioxide (31 *C) or higher, to be a supen^rltlcal 
carbon dioxide, 



32 



EP 1 266 928 A1 

and then the supercritical carbon dioxide Is added to said urethane-based thermoplastic elastomer compound 

of a molten state. 

13. The method for producing a urethane-based thermoplastic elastomer composition foam claimed in any one of 
claims 5 to 12, wherein said urethane-based thermoplastic elastomer (A-1 ) Is selected from the group consisting 
of an amorphous polymer, seml-crystalilne polymer, liquid-crystal line polymer, thennoplastic polymer and elas- 
tomer, each containing at least one kind of bond selected from the group consisting of urethane bond, urea bond, 
thiourethane bond and thiourea bond. 

14. A urethane-based thermoplastic elastomer composition foam, having 

an average cell diameter of 0.1 to 1 ,000 fun, 
an average cell number of 10^ to iC^/cm^, 
an elongation set of 1 to 1 00%, and . 
a bulk density of 0.03 to 1 . 1 0 g/cm^, 

and being obtainable through steps that; a gas dissolving step in which 0.1 to 30 parts by weight of carbon dioxide 
(B) is added to 1 00 parts by weight of a urethane-based thermoplastic elastomer composition (A) of a molten state, 
wherein said urethane-based thennoplastic elastomer composition (A) comprises a urethane-based thennoplastic 
elastomer (A-1 ) and other thermoplastic elastomer (A-2) In an (A-1)/(A-2) ratio of 20/BO to 99/1 by weight to fonn 
a molten urethane-based thennoplastic elastomer composition (C) which Is in a state of a mixture of the urethane- 
based thennoplastic elastomer composition (A) and the carbon dioxide (B); and a cooling step in which a temper- 
ature of the molten urethane-based thennoplastic elastomer composition (C) is lowered. 

15. A urethane-based thermoplastic elastomer composition foam, having 

an average cell diameter of 0.1 to 1 ,000 |im, 
an average cell number of 10^ to 1 
an elongation set of 1 to 1 00%, and 
a bulk density of 0.03 to 1 . 1 0 g/cm^. 

and being obtainable through steps that: 

a gas dissolving step In which 0.1 to 30 parts by weight of cart>on dioxide (B) is added to 1 00 parts by weight 
of a urethane-based thennoplastic elastomer composition (A) of a molten state to fomn a molten urethane- 
based thennoplastic elastomer composition (C) wh ich is in a state of a mixture of urethane-based thennoplastic 
elastomer composition (A) and the carbon dioxide (B); 

a cooling step In which a temperature of said molten urethane-based thermoplastic elastomer composition 

(C) Is lowered; and 

a foaming controlling step in which said molten urethane-based thermoplastic elastomer composition (C) ob- 
tained through the gas dissolving step and the cooling step, is charged In or transfen-ed to a space controlled 
at a lower pressure than that of the cooling step to produce cell nuclei In said molten urethane-based thermo- 
plastic elastomer composition (C), and foamed while controlling an expansion ratio. 

16. A laminate Includlngthe urethane-based thennoplastic elastomer composition foam as claimed In any one of claims 

1 to 4, and claims 14 and 15. 

17. A molded article comprising the urethane-based thermoplastic elastomer composition foam as claimed In any one 
of claims 1 to 4, and claims 14 and 15. 
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